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PREFACE. 



The Essays in the present volume have been selected 
from my contributions to serial literature during the 
past three or four years. Although I have for some 
time been urged to publish such a volume, I think 
I should not have ventured to do so but for the 
kindness with which my * Other Worlds ' and * The 
Sun ' have been received, both by the press and the 
public. 

In preparing these Essays, my chief object has been 
to present scientific truths in a light and readable 
form — clearly and simply, but with an exact adherence 
to the facts as I see them. I have followed — ^here and 
always — the rule of trying to explain my meaning 
precisely as I should wish others to explain, to my- 
self, matters with which I was unfamiliar. Hence 
I have avoided that excessive simplicity which some 
seem to consider absolutely essential in scientific essays 
intended for general perusal, but which is often even 
more perplexing than a too technical style. The chief 
rule I have followed, in order to make my descriptions 
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clear, has been to endeavour to make each sentence 
bear one meaning, and one only. Speaking as a 
reader, and especially as a reader of scientific books, I 
venture to express an earnest wish that this simple 
rule were never infringed, even to meet the require- 
ments of style. 

It will hardly be necessary to mention that several 
of the shorter Essays are rather intended to amuse 
than to instruct. 

The Essay on the influence which marriage has 
been supposed to exert on the death-rate is the one 
referred to by Mr. Darwin at page 176 (vol. i.) of his 
* Descent of Man.' 

This and the other Essays from the * Daily News ' 
are selected from a large number of articles which 
I wrote in the years 1868-70. It was by my kind 
friend Mr. Walker, formerly editor of the * Daily 
News,' that I was first urged to collect my Essays into 
a volume. I have to thank the proprietors and the 
present editor of the * Daily News,' and the proprietors 
and editors of the other journals from which the pre- 
sent series has been selected, for freely according me 
permission to reprint these Essays. 

Richard A. Pboctor. 

London: May \%1\, . 
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STRANGE DISCOVERIES RESPECTING 
Jy THE AURORA. 

One of the most mysterious and beautiftil of Nature's 
mauifestations promises soon to disclose its secret. The 
brilliant streamers of coloured light which wave at 
certain seasons over the heavens have long since been 
recognised as among the most singular and impressive 
of all the phenomena which the skies present to our 
view. There is something surpassingly beautiful in 
the appearance of the true * auroral curtain.' Fringed 
with coloured streamers^ it waves to and fro as though 
shaken by some unseen hand. Then from end to end 
there pass a succession of undulations^ the folds of 
the curtain interwrapping and forming a series of 
graceful curves. Suddenly, and as by magic, there 
succeeds a perfect stillness, as though the unseen 
power which had been displaying the varied beauties 
of the auroral curtain were resting for a moment. But 
even while the motion of the curtain Is stilled we see 
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its light mysteriously waxing and waning. Then as 
we gaze, fresh waves of disturbance traverse the magic 
canopy. Startling coruscations add splendour to the 
scene, while the noble span of the auroral arch from 
which the waving curtain seems to depend^ gives a 
grandeur to the spectacle which no words can ade- 
quately describe. Gradually, however, the celestial 
fires which have illuminated the gorgeous arch seem to 
die out. The luminous zone breaks up. The scene 
of the display becomes covered with scattered streaks 
and patches of ashen grey light, which hang like 
clouds over the northern heavens. Then these in 
turn disappear, and nothing remains of the brilliant 
spectacle but a dark smoke^like segment on the 
horizon. 

Such is the aurora as seen in arctic or antarctic 
regions, where the phenomenon appears in its fullest 
beauty. Even in our own latitudes, however, strik- 
ingly beautiful auroral displays may sometimes be 
witnessed. Yet those who have seen the spectacle 
presented near the true home of the aurora, recognise 
in other auroras a want of the fulness and splendour of 
colour which form the most striking features of the 
arctic and antarctic auroral curtains. 

Hitherto the nature of the aurora has been a 
mystery to men of science ; nor, indeed, does the dis- 
covery we are about to describe throw even now full 
light on the character of the phenomenon. That dis- 
covery, however, affords promise of a speedy solution 
of the perplexing problems presented by auroral dis- 
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plays ; and In itself, it is so ftill of interest and so 
suggestive, that our physicists already recognise it as 
one of the most important which have been made in 
recent times, 

A few brief words in explanation of the progress 
which had been effected in the study of auroral phe- 
nomena, will serve to render the interest and import- 
ance of the discovery we have to describe more 
apparent. 

Let it be premised, then, that physicists had long 
since recognised in the aurora a phenomenon of more 
than local, of more even than terrestrial, significance. 
They had learned to associate it with relations which 
affect the whole planetary scheme. Let us inquire 
how this had come about. 

So long as men merely studied the appearances pre- 
sented by the aurora, so long in fact as they merely 
regarded the phenomenon as a local display, they could 
form no adequate conception of its importance. The 
circumstance which first revealed something of the true 
character of the aurora was one which seemed to 
promise little. 

Arago was engaged in watching from day to day, 
and from year to year, the vibrations of the magnetic 
needle in the Paris Observatory. He traced the 
slow progress of the needle to its extreme westerly 
variation, and watched its course as it began to retrace 
its way towards the true north. He discovered the 
minute vibration which the needle makes each day 
across its mean position. He noticed that this vibra- 

s2 
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tion is variable in extent; and so he was led to watch 
it more closely. Thus he had occasion to observe 
more attentively than had yet been done the sudden 
irregularities which occasionally characterise the daily 
movements of the needle. 

All this seems to have nothing to do with the 
auroral streamers; but we now reach the important 
discovery which rewarded Arago's patient watch- 
fulness. 

In January 1819, he published a statement to the 
effect that the sudden changes of the magnetic needle 
are often associated with the occurrence of an aurora. 
I give the statement in his own words, as translated 
by General Sabine : — * Auroras ought to be placed in 
the first rank among the causes which sometimes dis- 
turb the regular march of the diurnal changes of the 
magnetic needle. These do not, even in summer, 
exceed a quarter of a degree, but when an aurora 
appears, the magnetic needle is often seen to move in 
a few instants over several degrees.' * During an 
aurora,' he adds, *one often sees in the northern 
region of the heavens luminous streamers of different 
colours shoot from all points of the horizon. The 
point in the sky to which these streamers converge is 
precisely the point to which a magnetised needle sus- 
pended by its centre of gravity directs itself. . , . 
It has, moreover, been shown that the concentric 
circular segments, almost similar in form to the rain- 
bow, which are usually seen previous to the appearance 
of the luminous streamers, have their two extremities 
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resting on two parts of the horizon which are equally 
distant £rom the direction towards which the needle 
turns ; and the summit of each arc lies exactly in that 
direction. From all this it appears^ incontestahlyi that 
there is an intimate connection between the causes of 
aurm'as and those of terrestrial magnetismJ* 

This strange hypothesis was, at first, much opposed 
by scientific men. Amongst others the late Sir David 
Brewster pointed out a variety of objections, some of 
which appeared at first sight of great force. Thus, 
he remarked that magnetic disturbances of the most 
remarkable character have often been observed when 
no aurora has been visible; and he noticed certain 
peculiarities in the auroras observed near the polar 
regions, which did not seem to accord with Arago's 
view. 

But gradually it was found that physicists had mis- 
taken the character of the auroral display. It appeared 
that the magnetic needle not only swayed responsively 
to auroras observable in the immediate neighbourhood, 
but to auroras in progress hundreds or even thousands 
of miles away. Nay, as inquiry progressed, it was 
discovered that the needles in our northern observa- 
tories are swayed by influences associated even with 
the occurrence of auroras around the southern polar 
regions. 

In fact, not only have the difficulties pointed out 
(very properly, it need hardly be remarked) by Sir 
David Brewster been wholly removed; but it has 
been found that a much closer bond of sympathy 
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exists between the magnetised needle and the auroral 
streamers than even Arago had supposed. It is not 
merely the case that while an auroral display is in 
progress the needle is subject to unusual disturbance, 
but the movements of the needle are actually synchro- 
nous with' the waving movements of the mysterious 
streamers. An aurora may be in progress in the north 
of Europe, or even in Asia or America, and as the 
coloured banners wave to and fro, the tiny needle^ 
watched by patient observers at Greenwich or Paris, 
will respond to every phase of the display. 

And 1 may notice in passing that two very interest- 
ing conclusions follow from this peculiarity. First, 
every magnetic needle over the whole earth must be 
simultaneously disturbed; and secondly, the auroral 
streamers which wave across the skies of one country 
must move synchronously with those which are visible 
in the skies of another country, even though thousands 
of miles may separate the two regions. 

But I must pass on to consider further the circum- 
stances which give interest and significance to the 
strange discovery which is the subject of this paper. 

Could we only associate auroras with terrestrial mag- 
netism, we should still have done much to enhance the 
interest which the beautiful phenomenon is calculated 
to excite. But when once this association has been 
established, others of even greater interest are brought 
into recognition. For terrestrial magnetism has been 
clearly shown to be influenced directly by the action 
of the sun. The needle in its daily vibration follows 
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the sun, not indeed through a complete revolution, but 
as far as the influence of other forces will permit. 
This has been abundantly confirmed, and is a fact of 
extreme importance in the theory of terrestrial magne- 
tism. Wherever the sun may be, either on the visible 
heavens or on that half of the celestial sphere which is 
at the moment beneath the horizon, the end of the 
needle nearest to the sun makes an effort (so to speak) 
to point more directly towards the great ruling centre 
of the planetary scheme. Seeing, then, that the daily 
vibration of the needle is thus caused, we recognise the 
fact that the disturbances of the daily vibration may 
be referred to some peculiarity of the solar action. 

It was not, therefore, so surprising as many have 
supposed, that the increase and diminution of these 
disturbances, in a period of about eleven years, should 
be found to correspond with the increase and diminu- 
tion of the number of solar spots in a period of equal 
length. 

We already begin to see, then, that auroras are 
associated in some mysterious way with the action of 
the solar rays. The phenomenon which had been looked 
on for so many ages as a mere spectacle, caused perhaps 
by some process in the upper regions of the air, of a 
simply local character, has been brought into the range 
of planetary phenomena. As surely as the brilliant 
planets which deck the nocturnal skies are illuminated 
by the same orb which gives us our days and seasons, 
so are they subject to the same mysterious influence 
which causes the northern banners to wave resplend- 
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endy over the star-lit depths of heaven. Nay, it is 
even probable that every flOicker and coruscation of 
our auroral displays corresponds with similar manifest- 
ations upon every planet which travels round the sun. 
It becomes, then, a question of exceeding interest to 
inquire what is the nature of the mysterious appari- 
tion which from time to time illuminates our skies. 
We have learnt something of the laws according to 
which the aurora appears ; but what is its true nature ? 
What sort of light is that which illuminates the 
heavens ? Is there some process of combustion going 
on in the upper regions of our atmosphere ? Or are 
the auroral streamers electric or phosphorescent ? Or, 
lastly, is the light simply solar light reflected from 
some substance which exists at an enormous elevation 
above the earth ? 

All these views have from time to time found sup- 
porters among scientific men. It need hardly be said 
that what we now know of the association between auro- 
ral action and some form of solar disturbance, would at 
once enable us to reject some of these hypotheses. 
But we need not discuss the subject from this point of 
view ; because a mode of research has recently been 
rendered available which at once answers our inquiries 
as to the general character of any kind of light. I 
prooeed to consider the application of this method to 
the light from the auroral streamers. 

The spectroscope, or, as we may term the instru- 
ment, the * light-sifter,' tells us of what nature an 
object which is a source of light may be. If the object 
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is a luminous solid or liquid, the instrmuent converts 
its Ught into a rainbow-coloured streak. If the object 
is a luminous vapour, its Ught is converted into a few 
-bright lines. And, lastly, if the object is a luminous 
solid or liquid shining through any vapours, the rain- 
bow-coloured streak again makes its appearance, but 
it is now crossed by dark Unes, corresponding to the 
vapours which surround the object and absorb a por- 
tion of its light. 

But I must not omit to notice two circumstances 
which render the interpretation of a spectrum some- 
what less simple than it would otherwise be. 

In the first place, if an object is shining by reflected 
light its spectrum is precisely similar to that of the 
object whose light illuminates it. Thus we cannot 
pronounce positively as to the nature of an object 
merely from the appearance of its spectrum, unless we 
are quite certain that the object is self-luminous. For 
example, we observe the solar spectrum to be a rain- 
bow-coloured streak crossed by a multitude of dark 
lines, and we conclude accordingly that the sun is an 
incandescent globe shining through a complex vaporous 
atmosphere. We feel no doubt on this point, because 
we are absolutely certain that the sun is self-luminous. 
Again, we observe the spectrum of the moon to be 
exactly similar to the solar spectrum, only, of course, 
much less brilliant. And here also we feel no doubt 
in interpreting the result. We know, certainly, that 
the moon is not self-luminous, and therefore we con- 
clude with the utmost certainty that the light we 
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receive from her is simply reflected solar light. So far 
all is clear. But now take the case of an object like 
a comet, which may or may not be self-lmninous. If 
we find that a comet's spectrum resembles the sun's — 
and this is not altogether a hypothetical case, for a 
portion of the light of every comet yet examined does 
in reality give a rainbow-coloured streak resembling 
the solar spectrum — we cannot form, in that case, any 
such positive conclusion. The comet may be a self- 
luminous body, but, on the other hand, its light may 
be due merely to the reflection of the solar beams. 
Accordingly, we find that our spectroscopists always 
accompany the record of such an observation with an 
expression of doubt as to the real nature of the object 
which is the source of light. 

Secondly, when an electric spark flashes through any 
vapour, its light gives a spectrum which indicates the 
nature, not only of the vapour through which the spark 
has passed, but of the substances between which the 
spark has travelled. Thus, if we cause an electric flash 
to pass between iron points through common air, we 
see in the spectrum the numerous bright lines which 
form the spectrum of iron, and in addition we see the 
bright lines belonging to the gases which form our 
atmosphere. 

Both the considerations above discussed are of the 
utmost importance in studying the subject of the auroral 
light as analysed by the spectroscope, because there are 
many difficulties in forming a general opinion as to the 
nature of the auroral light, while there are circum- 
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stances which would lead us to anticipate that the light 
is electric. 

We notice also in passing that we owe to the German 
physicist Angstrom a large share of the researches on 
which the above results respecting the spectrum of the 
electric spark are founded. The reader will presently 
see why we have brought Angstrom's name prominently 
forward in connection with the interesting branch of 
spectroscopic analysis just referred to. If the discovery 
we are approaching had been effected by a tyro in the 
use of the spectroscope, doubts might very reasonably 
have been entertained respecting the exactness of the 
observations on which the discovery rests. 

It was suggested many years ago, long indeed before 
the true powers of spectroscopic analysis had been 
revealed, that perhaps if the light of the aurora were 
analysed by the prism, evidence could be obtained of 
its electric nature. The eminent meteorologist Dove 
remarked, for instance, that * the peculiarities presented 
by the electric light are so marked that it appears easy 
to decide definitely by prismatic analysis, whether the 
light of the aurora is or is not electric' Siagularly 
enough, however, the first proof that the auroral light 
is of an electric nature was derived from a very different 
mode of inquiry. Dr. Robinson, of Armagh, discovered 
in 1858 (a year before Kirchhoff's recognition of the 
powers of spectroscopic analysis) that the light of the 
aurora possesses in a peculiar degree a property termed 
fluorescence, which is a recognised and characteristic 
property of the light produced by electrical discharges. 
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'These effects,' he remarks of the appearances pre- 
sented by the auroral light under the tests he applied, 
' were so strong in relation to the actual intensity of the 
light, that they appear to afford an additional evidence 
of the electric origin of the phenomenon.' 

Passing over this ingenious application of one of the 
most singular and interesting properties of light, we 
find that the earliest determination of the real nature 
of the auroral light — or rather of its spectrum — was 
that effected by Angstrom. This observer took advan- 
tage of the occurrence of a brilliant aurora in the winter 
of 1867-68 to analyse the spectrum of the coloured 
streamers. A single bright line only was seen I Otto 
Struve, an eminent Russian astronomer, shortly after- 
wards made confirmatory observations. At the meeting 
of the Royal Astronomical Society in June 1868, Mr. 
Huggins, F.R.S., thus described Struve's results : * In 
a letter, M. Otto Struve has informed me that he has 
had two good opportunities of observing the spectrum 
of the aurora borealis. The spectrum consists of one 
line and the light is therefore monochromatic. The 
line falls near the margin of the yellow and green por- 
tions of the spectrum This shows that the 

monochromatic light is greenish, which surprised me ; 
but General Sabine tells me that in his polar expedi- 
tions he has frequently seen the aurora tinged with 
green, and this appearance corresponds with the position 
of the line seen by M. Struve.' 

The general import of this observation there is no 
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mistaking. It teaches us that the light of the aurora 
is due to luminous vapour, and we may conclude, with 
every appearance of probability, that the luminosity of 
the vapour is due to the passage of electric discharges 
through it. It is, however, possible that the position 
of the bright line may be due to the character of the 
particles between which the discharge takes place. 

But the view we are to take must depend upon the 
position of the line. Here a diflSculty presents itself. 
There is no known terrestrial element whose spectrum 
has a bright line precisely in the position of the line in 
the auroral spectrum. And mere proximity has no 
significance whatever in spectroscopic analysis. Two 
elements differing as much from each other in character 
as iron and hydrogen may have lines so closely approxi- 
mating in position that only the most powerful spectro- 
scope can indicate the difference. So that when 
Angstrom remarks that the bright line he has seen lies 
slightly to the left of a well-known group of lines be- 
longing to the metal calcium (the principal ingredient 
of common chalk), we are by no means to infer that he 
supposes the substance which causes the presence of the 
bright line has any resemblance to that element. Until 
we can find an element which has a bright line in its 
spectrum absolutely coincident with the bright line de- 
tected by Angstrom in the spectrum of the aurora,* all 
speculation as to the real nature of the vapour in which 



* Other green lines have since been discovered in the auroral 
spectrum ; and occasionally a red line is seen. 
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the auroral electric discharge takes place, or of the 
substance between which the spark travels, is altogether 
precluded. 

But interesting as the discovery undoubtedly is, we 
have now to deal with one of a yet more interesting 
charact^er. 

Most of my readers have doubtless heard of the 
zodiacal light, and many of them have perhaps seen 
that mysterious radiance, pointing obliquely upwards 
from the western horizon soon after sunset in the spring 
months, or in autumn shortly before sunrise, above the 
eastern horizon. The light, as its name indeed implies, 
lies upon that region of the heavens along which the 
planets travel. Accordingly, astronomers have associ- 
ated it with the planetary orbits, and have come to 
look on it as formed by the light reflected from a multi- 
tude of minute bodies travelling around the sun within 
the orbit of our earth. 

Yet it had long been recognised that there are diffi- 
culties in the way of this theory. Passing over those 
which depend on the position of the zodiacal light upon 
the heavens, there are difficulties connected with the 
appearance of the object. For example, its light has 
often been observed to flicker or coruscate in a manner 
which it seemed difficult to ascribe to the motions of 
our own atmosphere. Then again there have been 
seasons when the zodiacal light has shone with unusual 
intensity for months together, and there is nothing in 
the received theory which can account for such a pecu- 
liarity. Lastly, there is the strange circumstance 
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recorded by Baron Humboldt that the zodiacal light is 
often invisible when night first sets in, and then sud- 
denly appears with full splendour; a phenomenon 
which is utterly inexplicable if the received theory be 
accepted. The whole account of the phenomenon, as 
given by Baron Humboldt, is so interesting, and for 
my present purpose so significant, that I give it at full 
length ; 

* In the tropical climate of South America,' he re- 
marks, * the variable strength of the light of the zodiacal 
gleam struck me at times with utter amazement. As 
I there passed the beautiful nights, in the open air, on 
the banks of rivers, and in the grassy plains for several 
months together, I had opportunities of observing the 
phenomenon with attention. When the zodiacal light 
was at its very brightest, it sometimes happened that 
but a few minutes afterwards it became notably weak- 
ened, and then it suddenly gleamed up again with its 
former brilliancy. In particular instances, I believed 
that I remarked — not anything of a ruddy tinge, or an 
interior arched obscuration, or an emission of sparks, 
such as Mairan describes, but — a kind of unsteadiness 
and flickering of the light." 

Despite these and similar observations, very little 
doubt had been felt by astronomers that the zodiacal 
light really indicates the presence of minute bodies 
travelling in more or less eccentric paths round the sun. 
And it was confidently expected that whenever a spec- 
troscope of sufficient delicacy to analyse the faint light 
of the zodiacal gleam was applied to that purpose, the 
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resulting spectrum would be merely a very faint repro- 
duction of the solar spectrum. 

Recently, however, the zodiacal light has been ana- 
lysed by Angstrom, with a result altogether unexpected, 
and at present almost unintelligible. Its spectrum 
exhibits a bright line, and this bright line is the same 
that is seen in the spectrum of the aurora borealis! 

How are we to understand this most surprising 
result ? Remembering that the aurora is undoubtedly 
a terrestrial light, whencesoever it derives its luminosity 
— in other words, that the electric discharges, however 
excited, really take place in the upper regions of our 
own atmosphere, while as certainly the zodiacal light is 
an extra-terrestrial phenomenon — the observed pheno- 
menon becomes one of the most perplexing discoveries 
ever made by man. That it will before long be inter- 
preted we have no doubt whatever ; nor do we doubt 
that the interpretation will involve the explanation of 
a whole series of phenomena which have lately per- 
plexed astronomers. Recalling the association between 
auroras and terrestrial magnetism, and that between 
terrestrial magnetism and the solar spots, and remem- 
bering further that our physicists have recently de- 
tected well-marked signs that the planets in their 
courses influence the sun's atmosphere and generate his 
spots in some manner as yet unexplained, we see that 
the one fact wanting to explain Angstrom's discovery 
is undoubtedly not an isolated fact, but must be asso- 
ciated in the most intimate manner with a variety of 
important cosmical relations. To speculate as to the 
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nature of the as yet undiscovered interpretation of 
Angstrom's researches would at present be an idle task, 
perhaps. But one feature of the solar scheme with 
which we cannot doubt that it will be found to be 
associated^ must be mentioned before we conclude. 

Of all the phenomena presented to the contempla- 
tion of astronomers, the tails of comets are undoubtedly 
the most perplexing. Their rapid formation, their 
|wift motions (if indeed we could believe that their 
changes of position are due to a real transmission of 
their material substance), and the enormous variety of 
configuration and of structure which they present to 
our contemplation, render them not merely amazing, 
but altogether imintelligible. 

Now there is one feature of comets' tails which has 
long since attracted attention, and will remind the 
reader of the peculiarities common to the zodiacal and 
the auroral light We refer to the sudden changes 
of brilliancy, the flickerings or coruscations, and the 
instantaneous lengthening and shortening of these 
mysterious appendages. Olbers spoke of ^explosions 
and pulsations which in a few seconds went trembling 
through the whole length of a comet's tail, with the 
effect now of lengthening, now of abridging it by several 
degrees.' And the eminent mathematician Euler was 
led by the observation of similar appearances to put 
forward the theory ^ that there is a great affinity between 
these tailsy the zodiacal light y and the aurora horealis,'* 
The late Admiral Smyth, commenting on this opinion 
of Euler's, remarks that ^ most reasoners seem now to 

c 
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consider comets' tails as consisting of electric matter ; ' 
adding that ^ this would account for the imdulations 
and other appearances which have been noticed, as^ 
for instance^ that extraordinary one seen by M. Chladni 
in the comet of 1811, when certain undulatory ebulli- 
tions rushed from the nucleus to the end of the tail, a 
distance of more than ten millions of miles, in two or 
three seconds of time.' To this we may add the some- 
what bizarre theory suggested by Sir John Herschel^ 
that the matter forming the zodiacal light is ^ loaded, 
perhaps, with the actual materials of the tails of millions 
of comets, which have been stripped of these append- 
ages in the course of successive passages round the 
immediate neighbourhood of the sun.' 

Xow hitherto no comet with a su£Sciently brilliant 
tail for spectroscopic analysis has appeared since 
KirchhofTs invention of that mode of research. Al- 
ready our physicists had been looking forward anxiously 
for the appearance of such a comet as Donati's or 
Halley's. But Angstrom's recent discovery, and the 
evidence which seems to associate the tails of comets 
with the auroral and zodiacal lights, renders our spec- 
troscopists doubly anxious to submit a comet's tail to 
spectroscopic analysis. It is far from being unlikely 
that three long-vexed questions — ^the nature of the 
aurora, that of the zodiacal light, and that of comets' 
tails — will receive their solution simultaneously. 

I had scarcely completed the above pages when news 
was brought from America that the spectrum of the 
sun's corona, as seen during the recent total solar 
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eclipse^ exhibited the same bright lines as the aurora. 
The fact that auroral lines are mentioned will at once 
be noticed ; but it is to be remarked that the two faint 
lines which have been lately seen in the auroral spec- 
trum correspond to but a very small portion of the 
light we receive from the northern streamers. In the 
spectrum of the corona the same three lines appear^ 
but their relative brightness is different. The brightest 
line of the auroral spectrum is faint in the spectrum of 
the corona, while the latter exhibits a bright line where 
the former has a faint one. 

News has also been received that a comparison of 
the photographs of the eclipse proves the corona, or 
at any rate its brightest part, to belong to the sun. 

Lastly, it has been found that the peculiar phospho- 
rescent light sometimes visible all over the sky at night 
gives the same spectrum (very faint, of course) as the 
aurora and the zodiacal light. 

It is impossible not to recognise the fact that these 
discoveries point to relations of the utmost importance. 
The teachings of the spectroscope are too certain to be 
mistaken. When it shows us such and such lines 
bright or dark, we may conclude, without fear of being 
misled, that such and such substances are emitting or 
absorbing light. What we learn certainly, therefore, 
from the facts above stated, is this, that substances of 
the same sort emit the light of the aurora, of the zodia- 
cal gleam, of the sun's corona, and of the phosphor- 
escence which illuminates at times the nocturnal skies. 
We jnay conclude, but not so certainly, that the 

c 2 
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manner in which the light is emitted is also the same 
in each case. We know certainly that the auroral 
light is excited by the solar action. We know cer- 
tainly that it is associated with the earth's magnetism. 
The opinion, then^ which we should form of the source 
to which the other lights are due is tolerably obvious. 
So long as electricity was merely used as a convenient 
way of accounting for any perplexing phenomenon, it 
was impossible to accept explanations of cosmical pecu- 
liarities as due to electrical action. But when once we 
have reason — as in the case of the aurora we undoubt- 
edly have — to associate electricity with any particular 
form of luminosity, we seem clearly justified in extend- 
ing the explanation to the same form of luminosity 
wherever it may appear. 

I believe that the key to the whole series of pheno- 
mena dealt with above lies in the existence of myriads 
of meteoric bodies travelling separately or in systems 
around the sun. They are consumed in thousands 
daily by our own atmosphere; they probably pour in 
countless millions upon the solar atmosphere; and 
from what we know of their numbers in our own neigh- 
bourhood, and of the probability of their being infi- 
nitely more niunerous in the neighbourhood of the sun, 
we have excellent reasons for believing that to them 
principally is due the appearance of the zodiacal light 
and the solar corona. 

(From Eraser^ 8 Magasme^ February 1870.) 
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THE EARTH A MAGNET 

Thebe is a very prevalent but erroneous opinion that 
the magnetic needle points to the north. We remember 
well how we discovered in our boyhood that the needle 
does not point to the north, for the discovery was im- 
pressed upon us in* a very unpleasant manner. We 
had purchased a pocket-compass, and were very anxious 
— not, indeed, to test the instnmient, since we placed 
implicit reliancfe upon its indications — but to make use 
of it as a guide across unknown regions. Not many 
miles from where we lived lay Cobham Wood, no very 
extensive forest certainly, but large enough to lose 
oneself in. Thither, accordingly, we proceeded with 
three schoolfellows. When we had lost ourselves, we 
gleefully called the compass into action, and made from 
the wood in a direction which we supposed would lead 
us home. We travelled on with full confidence in our 
pocket guide ; at each turning we consulted it in an 
artistic manner, carefully poising it and waiting till its 
vibrations ceased. But when we had travelled some 
two or three miles without seeing any house or road 
that we recognised, matters assumed a less cheerful 
aspect. We were unwilling to compromise our dignity 
as * explorers ' by asking the way — a proceeding which 
no precedent in the history of our favourite travellers 
allowed us to think of. But evening came on, and with it 
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a summer thunder-storm. We were getting thoroughly 
tired out, and the h<Bc olim meminissejuvabityaih which 
we had been comforting ourselves began to lose its 
force. When at length we yielded, we learned that 
we had gone many miles out of our road, and we did 
not reach home till several hours after dark. How it 
fared with our schoolfellows we know not, but a result 
overtook ourselves personally, for which there is no 
■precedent, so far as we are aware, in the records of 
exploring expeditions. Also the offending compass 
was confiscated by justly indignant parents, so that for 
a long while the cause of our troubles was a mystery 
to us. We now know that instead of pointing due 
north, the compass pointed more than 20° towards the 
west, or nearly to the quarter called by sailors north- 
north-west. No wonder, therefore, that we went astray 
when we followed a guide so untrustworthy. 

The peculiarity that the magnet needle does not, in 
general, point to the north, is the first of a series of 
peculiarities which we now propose briefly to describe. 
The irregularity is called by sailors the needle's varia- 
tion^ but the term more commonly used by scientific 
men is the declination of the needle. It was probably 
discovered a long time ago, for 800 years before our 
era the Chinese applied the magnet's directive force to 
guide them in journeying over the great Asiatic plains ; 
and they must soon have detected so marked a peculi- 
arity. Instead of a ship's compass, they made use of a 
magnetic car, on the front of which a floating needle car- 
ried a small figure, whose outstretched arm pointed south- 
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wards. We have no record, however, of their discovery 
of the declination, and know only that they were 
acquainted with it in the twelfth century. The de- 
clination was discovered, independently, by European 
observers in the thirteenth century. 

As we travel from place to place, the declination of 
the needle is found to vary. Christopher Columbus 
was the first to detect this. He discovered, it on the 
13th of September, 1492, during his first voyage, and 
when he was six hundred miles from Ferro, the most 
westerly of the Canary Islands. He found that the 
declination, which was towards the east in Europe, 
passed to the west, and increased continually as he 
travelled westwards. 

But here we see the first trace of a yet more singular 
peculiarity. We have said that at present the declina- 
tion is towards the west in Europe. In Columbus's time 
it was towards the east. Thus we learn that the decli- 
nation varies with the progress of time, as well as with 
change of place. 

The genius of modem science is a weighing and a 
measuring one. Men are not satisfied now-a-days with 
knowing that a peculiarity exists ; they seek to deter- 
mine its extent, how far it is variable — whether from 
time to time or from place to place, and so on. Now 
the results of such inquiries applied to the magnetic 
declination have proved exceedingly interesting. 

We find, first, that the world may be divided into 
two imequal portions, over one of which the needle has 
a westerly, and over the other an easterly, declination. 
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Along the boundary line, of course, the needle points 
due north. England is situated in the region of 
westerly magnets. This region includes all Europe, 
except the north-eastern parts of Kussia; Turkey, 
Arabia, and the whole of Africa ; the greater part of 
the Indian Ocean, and the western parts of Australia ; 
nearly the whole of the Atlantic Ocean; Greenland, 
the eastern parts of Canada, and a small slice from the 
north-eastern part of Brazil. All these form one 
region of westerly declination ; but singularly enough, 
there lies in the very heart of the remaining and larger 
region of easterly magnets an oval space of a contrary 
character. This space includes the Japanese Islands, 
Manchouria, and the eastern parts of China. It is 
very noteworthy also, that in the westerly region the 
declination is much greater than in the easterly. Over 
the whole of Asia, for instance, the needle points almost 
due north. On the contrary, in the north of Green- 
land and of Baffin's Bay, the magnetic needle points 
due west; while still further to the north (a little 
westerly), we find the needle pointing with its north 
end directly towards the south. 

In the presence of these peculiarities, it would be 
pleasant to speculate. We might imagine the existence 
of powerfully magnetic veins in the earth's solid mass, co- 
ercing the magnetic needle from a full obedience to the 
true polar summons. Or the comparative effects of oceans 
and of continents might be called into play. But unfor- 
tunately for all this, we have to reconcile views founded 
on fixed relations presented by the earth with the pro- 
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cess of change indicated above. Let us consider the 
declination in England alone. 

In the fifteenth century there was an easterly decli- 
nation. This gradually diminished^ so that in about 
the year 1657 the needle pointed due north. After 
this the needle pointed towards the west, and con- 
tinually more and more, so that scientific men, having 
had experience only of a continual shifting of the 
needle in one direction, began to form the opinion that 
this change would continue, so that the needle would 
pass, through north-west and west, to the south. In 
fact, it was imagined that the motion of the needle 
would resemble that of the hands of a watch, only in 
a reversed direction. But before long observant men 
detected a gradual diminution in the needle's westerly 
motion. Arago, the distinguished French astronomer 
and physicist, was the first (we believe) to point out 
that * the progressive movement of the magnetic needle 
towards the west appeared to have become continually 
slower of late years ' (he wrote in 1814), * which seemed 
to indicate that after some little time longer it might 
become retrograde.' Three years later, namely, on the 
10th of February, 1817, Arago asserted definitively 
that the retrograde movement of the magnetic needle 
had commenced to be perceptible. Colonel Beaufoy 
at first oppugned Arago's conclusion, for he found from 
observations made in London, during the years 1817- 
1819, that the westerly motion still continued. But 
he had omitted to take notice of one very simple fact, 
viz. that London and Paris are two different places. A 
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few years later the retrograde motion became percep- 
tible at London also^ and it has now been established 
by the observations of forty years. It appears, from a 
careful comparison of Beaufoy's observations, that the 
needle reached the limit of its western digression (at 
Greenwich) in March 1819, at which time the declina- 
tion was very nearly 25°. In Paris, on the contrary, 
the needle had reached its greatest western digression 
(about 22^**) in 1814. It is rather singular that 
although at Paris the retrograde motion thus presented 
itself five years earlier than in London, the needle 
pointed due north at Paris six years later than in 
London, viz. in 1663. Perhaps the greater amplitude 
of the needle's London digression may explain this 
peculiarity. 

^It was already sufficiently difficult,* says Arago, 

* to imagine what could be the kind of change in the 
constitution of the globe which could act during one 
hundred and fifty-three years in gradually transferring 
the direction of the magnetic needle from due north to 
23** west of north. We see that it is now necessary to 
explain, moreover, how it has happened that this 
gradual change has ceased, and has given place to a 
return towards the preceding state of the globe.' 

* How is it,' he pertinently asks, ^ that the directive 
action of the globe, which clearly must result from the 
action of molecules of which the globe is composed, can 
be thus variable, while the number, position, and tem- 
perature of these molecules, and, as far as we know, all 
their other physical properties, remain constant ? ' 
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But we have considered only a single region of the 
earth's surface. Arago's opinion will seem still more 
just when we examine the change which has taken 
place in what we may term the ^ magnetic aspect ' of 
the whole globe. The line which separates the region 
of westerly magnets from the region of easterly 
magnets now runs, as we have said, across Canada and 
eastern Brazil in one hemisphere, and across Kussia, 
Asiatic Turkey, the Indian Ocean, and West Australia 
in the other ; besides having an outlying oval to the 
east of the Asiatic continent. Now these lines have 
swept round a part of the globe's circuit in a most 
singular manner since 1600. They have varied alike 
in direction and complexity. The Siberian oval, now 
distinct, was in 1787 merely a loop of the eastern line 
of no declination. The oval appears now to be continu- 
ally dimin i shing, and will one day probably disappear. 

We find here presented to us a phenomenon as 
mysterious, as astonishing, and as worthy of careful 
study as any embraced in the wide domains of science. 
But other peculiarities await our notice. 

If a magnetic needle of suitable length be carefully 
poised on a fine point, or, better, be suspended from a 
silk thread without torsion, it will be found to exhibit 
each day two small but clearly perceptible oscillations. 
M. Arago, from a careful series of observations, deduced 
the following results : — 

At about eleven at night, the north end of the needle 
begins to move firom west to east, and having reached 
its greatest easterly excursion at about a quarter-past 
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eight in the morning, returns towards the west to attain 
its greatest westerly excursion at a quarter-past one. 
It then moves again to the east, and having reached its 
greatest easterly excursion at half-past eight in the 
evening, returns to the west, and attains its greatest 
westerly excursion at eleven, as at starting. 

Of course, these excursions take place on either side 
of the mean position of the needle, and as the excursions 
are small, never exceeding the fifth part of a degree, 
while the mean position of the needle lies some 20** to 
the west of north, it is clear that the excursions are 
only nominally eastern and western, the needle point- 
ing, throughout, far to the west. 

Now if we remember that the north end of the needle 
is that farthest from the sun, it will be easy to trace in 
M. Arago's results a sort of effort on the part of the 
needle to turn towards the sun — not merely when that 
luminary is above the horizon, but during his nocturnal 
path also. 

We are prepared, therefore, to expect that a varia- 
tion, having an annual period, shall appear, on a close 
observation of our suspended needle. Such a variation 
has been long since recognised. It is found that in the 
summer of both hemispheres, the daily variation is 
exaggerated, while in winter it is diminished. 

But besides the divergence of a magnetised needle 
from the north pole, there is a divergence from the 
horizontal position which must now claim our atten- 
tion. If a non-magnetic needle be carefully suspended 
60 as to rest horizontally, and be then magnetised, it 
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will be found no longer to preserve that position. The 
northern end dips very sensibly. This happens in our 
hemisphere. In the southern, it is the southern end 
which dips. It is clear, therefore, that if we travel 
from one hemisphere to the other we must find the 
northern dip of the needle gradually diminishing, till at 
some point near the equator the needle is horizontal ; 
and as we pass thence to southern regions, a gradually 
increasing southern inclination is presented. This has 
been found to be the case, and the position of the line 
along which there is no inclination (called the magnetic 
equator) has been traced around the globe. It is not 
coincident with the earth's equator, but crosses that 
circle at an angle of twelve degrees, passing from north 
to south of the equator in long. 3** west of Greenwich, 
and from south to north in long. 187° east of Green- 
wich. The form of the line is not exactly that of a 
great circle, but presents here and there (and especially 
where it crosses the Atlantic) perceptible excursions 
from such a figure. 

At two points on the earth's globe the needle will 
rest in a vertical position. . These are the magnetic 
poles of the earth. The northern magnetic pole was 
reached by Sir J. G. Ross, and lies in 70* N. lat., and 
263** E. long., that is, to the north of the American 
continent, and not very far from Boothia Gulf, One 
of the objects with which Ross set out on his celebrated 
expedition to the Antarctic Seas was the discovery, if 
possible, of the southern magnetic pole. In this he 
was not successful. Twice he was in hopes of attaining 
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his object, but each time he was stopped by a barrier 
of land. He approached so near, however, to the pole, 
that the needle was inclined at an angle of nearly 
ninety degrees to the horizon, and he was able to 
assign to the southern pole a position in 75° S. lat., 
154® E. long. It is not probable, we should imagine, 
that either pole is fixed, since we shall now see that 
the incHnation, like the declination of the magnetic 
needle, is variable from time to time, as well as from 
place to place ; and in particular, the magnetic equator 
is apparently subjected to a slow but uniform process 
of change. 

Arago tells us that the inclination of the needle at 
Paris has been observed to diminish year by year since 
1671. At that time the inclination was no less than 
75** ; in other words, the needle was inclined only 15** 
to the vertical. In 1791 the inclination was less than 
71®. In 1831 it was less than 68®. In like manner, 
the inclination at London has been observed to diminish, 
from 72® in 1786 to 70® in 1804, and thence to 68® at 
the present time. 

It might be anticipated . from such changes as these 
that the magnetic equator would be found to be 
changing in position. Nay, we can even guess in which 
way it must be changing. For, since the inclination is 
diminishing at London and Paris, the magnetic equator 
must be approaching these places, and this (in the 
present position of the curve) can only happen by a 
gradual shifting of the magnetic equator from east to 
west along the true equator. This motion has been 
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found to be really taking place. It is supposed that 
the movement is accompanied by a change of form ; 
but more observations are necessary to establish this 
interesting point. 

Can it be doubted that while these changes are 
taking place^ the magnetic poles also are slowly shifting 
round the true pole ? Must not the northern pole, for 
instance, be further from Paris now that the needle is 
inclined more than 23** from the vertical, than in 1671, 
when the inclination was only 15**. It appears obvious 
that this must be so, and we deduce the interesting 
conclusion that each of the magnetic poles is rotating 
around the earth's axis. 

But there is another peculiarity of the needle which 
is as noteworthy as any of those we have spoken 
about. We refer to the intensity of the magnetic 
action — the energy with which the needle seeks 
its position of rest This is not only variable from 
place to place, but from time to time, and is further 
subject to sudden changes of a very singular character. 

It might be expected that where the dip is greater, 
the directive energy of the magnet would be propor- 
tionately great. And this is found to be approximately 
the case. Accordingly, the magnetic equator is very 
nearly coincident with the * equator of least intensity,' 
but not exactly. As we approach the magnetic poles 
we find a more considerable divergence, so that instead 
of there being a northern pole of greatest intensity 
nearly coincident with the northern magnetic pole, 
which we have seen lies to the north of the American 
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continent, there are two northern poles, one in 
Siberia nearly at the point where the river Lena 
crosses the Arctic circle, the other not so far to the 
north — only a few degrees north, in fact, of Lake 
Superior. In the south, in like manner, there are 
also two poles, one on the Antarctic circle, about 130** 
E. long., in Adelie Island, the other not yet precisely 
determined, but supposed to lie on about the 240th 
degree of longitude, and south of the Antarctic circle. 
Singularly enough, there is a line of lower intensity 
running right round the earth along the valleys of the 
two great oceans, ^passing through Behring's Straits 
and bisecting the Pacific, on one side of the globe, and 
passing out of the Arctic Sea by Spitzbergen and 
down the Atlantic, on the other.' 

Colonel Sabine discovered that the intensity of the 
magnetic action varies during the course of the year. 
It is greatest in December and January in both hemi- 
spheres. If the intensity had been greatest in winter, 
one would have been disposed to have assigned sea- 
sonal variation of temperature as the cause of the 
change. But as the epoch is the same for both hemi- 
spheres, we must seek another cause. Is there any as- 
tronomical element which seems to correspond mth the 
law discovered by Sabine ? There is one very impor- 
tant element. The position of the perihelion of the 
earth's orbit is such that the earth is nearest to the sun 
on about the 31st of December or the 1st of January. 
There seems nothing rashly speculative, then, in con- 
cluding that the sun exercises a magnetic influence on 



THE EARTH A MAGNET 33 

the earth, varying according to the distance of the 
earth from the sun. Nay, Sabine's results seem to 
point very distinctly to the law of variation. For, al- 
though the number of observations is not as yet very 
great and the extreme delicacy of the variation renders 
the determination of its amount very difficult, enough 
has been done to show that in all probability the sun's 
influence yaries according to Ae same law as gravity 
— that is, inversely as the square of the distance. 

That the sun, the source of light and heat, and the 
great gravitating centre of the solar system, should 
exercise a magnetic influence upon the earth, and that 
this influence should vary according to the same law as 
gravity, or as the distribution of light and heat, will 
not appear perhaps very surprising. But the dis- 
covery by Sabine that the moon exercises a distinctly 
traceable effect upon the magnetic needle seems to us 
a very remarkable one. We receive very little light 
from the moon, much less (in comparison with the 
sun's light) than most persons would suppose, and we 
get absolutely no perceptible heat from her. There- 
fore it would seem rather to the influence of mass and 
proximity that the magnetic disturbances caused by the 
moon must be ascribed. But if the moon exercises 
an influence in this way, why should not the planets ? 
We shall see that there is evidence of some such in- 
fluence being exerted by these bodies. 

More mysterious, if possible, than any of the facts 
we have discussed is the phenomenon of magnetic 
storms. The needle has been exhibiting for several 

D 
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weeks the most perfect uniformity of oscillation. Day 
after day, the careful microscopic observation of the 
needle's progress has revealed a steady swaying to 
and fro, such as may be seen in the masts of a stately 
ship at anchor on the scarce-heaving breast of ocean. 
Suddenly a change is noted ; irregular jerking move- 
ments are perceptible, totally distinct from the regular 
periodic oscillations. A magnetic storm is in progress. 
But where is the centre of disturbance, and what are 
the limits of the storm ? The answer is remarkable. 
If the jerking movements observed in places spread 
over very large regions of the earth — and in some well- 
authenticated cases over the whole earth — be compared 
with the local time, it is found that (allowance being 
made for difference of longitude) they occur precisely 
at the same instant. The magnetic vibrations thrill in 
one moment through the whole frame of our earth ! 

But a very singular circumstance is observed to 
characterise these magnetic storms. They are nearly 
always observed to be accompanied by the exhibition 
of the aurora in high latitudes, northern and southern. 
Probably they never happen without such a display ; 
but numbers of auroras escape our notice. The con- 
verse proposition, however, has been established as an 
universal one. No great display of the aurora ever 
occurs without a strongly marked magnetic storm. 

Magnetic storms sometimes last for several hours or 
even days. 

Remembering the influence which the sun has been 
found to exercise upon the magnetic needle, the ques- 
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tion will naturally arise^ has the sun anything to do 
with magnetic storms ? We have clear evidence that 
he has. 

On the 1st of September, 1859, Messrs. Carrington 
and Hodgson were observing the sun, one at Oxford 
and the other in London. Their scrutiny was directed 
to certain large spots which, at that time, marked the 
sun's face. Suddenly a bright light was seen by each 
observer to break out on the sun's surface and to travel, 
slowly in appearance, but in reality at the rate of 
about 7,000 miles in a minute, across a part of the 
solar disc. Now it was found afterwards that the self- 
registering magnetic instruments at Kew had made at 
that very instant a strongly marked jerk. It was 
learned that at that moment a magnetic storm pre- 
vailed at the West Indies, in South America, and in 
Australia. The signalmen in the telegraph stations at 
Washington and Philadelphia received strong electric 
shocks ; the pen of Bain's telegraph was followed by a 
flame of fire ; and in Norway the telegraphic ma- 
chinery was set on fire. At night great auroras were 
seen in both hemispheres. It is impossible not to con- 
nect these startling magnetic indications with the re- 
markable appearance observed upon the sun's disc. 

But there is other evidence. Magnetic storms 
prevail more connnonly in some years than in others. 
In those years in which they occur most frequently, 
it is found that the ordinary oscillations of the mag- 
netic needle are more extensive than usual. Now 
when these peculiarities had been noticed for many 

D 2 
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years^ it was found that there was an alternate and 
systematic increase and diminution in the intensity of 
magnetic action, and that the period of the variation 
was about eleven years. But at the same time, a dili- 
gent observer had been recording the appearance of the 
sun's face from day to day and from year to year. He 
had found that the solar spots are in some years more 
freely displayed than in others. And he had deter- 
mined the period in which the spots are successively 
presented with maximum frequency to be about eleven 
years. On a comparison of the two sets of observa- 
tions, it was found (and has now been placed beyond a 
doubt by many years of continued observation) that 
magnetic perturbations are most energetic when the 
sun is most spotted, and vice versd. 

For so remarkable a phenomenon as this none but 
a cosmical cause can suffice. We can neither say 
that the spots cause the magnetic storms nor that the 
magnetic storms cause the spots. We must seek for -a 
cause producing at once both sets of phenomena. 
There is as yet no certainty in this matter, but it 
seems as if philosophers would soon be able to trace 
in the disturbing action of the planets upon the solar 
atmosphere the cause as well of the marked period of 
eleven years as of other less distinctly marked periods 
which a diligent observation of solar phenomena is 
beginning to educe. 

(From the ComhiU Magazine^ June 1868.) 
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OUR CHIEF TIME'PIECE LOSING TIME. 

A DISTINGUISHED French astronomer, author of one 
of the most fascinating works on popular astronomy 
that has hitherto appeared, remarks that a man 
would be looked upon as a maniac who should speak 
of the influence of Jupiter's moons upon the cotton- 
trade. Yet, as he proceeds to show, there is an 
easily traced connection between the ideas which 
appear at first sight so incongruous. The link is found 
in the determination of celestial longitude. 

Similarly, What would be thought of an astronomer 
who, regarding thoughtfully the stately motion of the 
sidereal system, as exhibited on a magnified, and 
therefore appreciable, scale by a powerful telescope, 
should speak of the connection between this move- 
ment and the intrinsic worth of a sovereign? The 
natural thought with most men would be that ^ too 
much learning ' had made the astronomer mad. Yet, 
when we come to inquire closely into the question of 
a sovereign's intrinsic value, we find ourselves led to 
the diurnal motion of the stars, and that by no very 
intricate path. For, What is a sovereign? A coin 
containing so many grains of gold mixed with so many 
grains of alloy. A grain, we know, is the weight of 
such and such a volume of a certain standard sub- 
stance — that is, so many cubic inches, or parts of a 
cubic inch, of that substance. But what is an inch ? 
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It is determined, we find, as a certain fraction of the 
length of a pendulum vibrating seconds in the latitude 
of London. A second, we know, is a certain portion 
of a mean solar day, and is practically determined 
by a reference to what is called a sidereal day — the 
interval, namely,* between the successive passages by 
the same star of the celestial meridian of any fixed 
place. This interval is assmned to be constant, and it 
has indeed been described as the ^ one constant element ' 
known to astronomers. 

We find, then, that there is a connection, and a 
very important connection, between the motion of 
the stars and our measures, not merely of value, but 
of weight, length, volume, and time. In fact, our 
whole system of weights and measures is founded on 
the apparent diurnal motion of the sidereal system, 
that is, on the real diurnal rotation of the earth. 
We may look on the meridian-plane in which the 
great transit-telescope of the Greenwich Observatory 
is made to swing, as the gigantic hand of a mighty 
dial, a hand which, extending outwards among the 
stars, traces out for us, by its motion among them^ 
the exact progress of time, and so gives us the 
means of weighing, measuring, and valuing terrestrial 
objects with an exactitude which is at present beyond 
our wants. 

The earth, then, is our * chief time-piece,' and it is 
of the correctness of this giant clock that we are now 
to speak. 

But how can we test a time-piece whose motion^ 
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we select to regulate every other time-piece ? If a 
man sets his watch every morning by the clock at 
Westminster, it is clearly impossible for him to test 
the accuracy of that clock by the motions of his 
watch. It would, indeed, be possible to detect any 
gross change of rate ; but, for the purpose of illus- 
tration, I assume,, what is indeed the case, that the 
clock is very accurate, and therefore, that minute 
errors only are to be looked for even in long intervals 
of time. And just as the watch set by a clock cannot 
be made use of to test the clock for small errors, so 
our best time-pieces cannot be employed to detect 
slow variations, if any such exist, in the earth's 
rotation-period. 

Sir William Herschel, who early saw the import- 
ance of the subject, suggested another method. Some 
of the planets rotate in such a manner, and bear 
such distinct marks upon their surface, that it is pos- 
sible, by a series of observations extending over a 
long interval of time, to determine the length of 
their rotation-period within a second or two. Sup- 
posing their rotation uniform, we at once obtain an 
accurate measure of time. Supposing their rotation 
not uniform, we obtain — (1) a hint of the kind of 
change we are looking for; and (2), by the comparison 
of two or more planets, the means of guessing how 
the variation is to be distributed between the observed 
planets and our own earth. 

Unfortunately, it turned out that Jupiter, one of 
the planets from which Herschel expected most, does 
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not afford us exact information — his real surface being 
always veiled by his dense and vapour-laden atmo- 
sphere. Saturn, Venus, and Mercury are similarly 
circumstanced, and are in other respects unfavourable 
objects for this sort of observation. Mars only, of 
all the planets, is really available. Distinctly marked 
(in telescopes of suflScient power) with continents and 
oceans, which are rarely concealed by vapours, this 
planet is in other respects fortimately situated. For 
it is certain that whatever variations may be taking 
place in planetary rotations must be due to external 
agencies. Now, Saturn and Jupiter have their satel- 
lites to influence (perhaps appreciably in long in- 
tervals of time) their rotation-movements. Venus and 
Mercury are near the sun, and are therefore in this 
respect worse off than the earth, whose rotation is in 
question. Mars, on the other hand, farther removed 
than we are from the sun, having also no moon, and 
being of small dimensions (a very important point, be 
it observed, since the tidal action of the sun depends 
on the dimensions of a planet), is likely to have a 
rotation-period all but absolutely constant, 

Herschel was rather unfortunate in his observations 
of Mars. Having obtained a rough approximation 
from Mars' rotation in an interval of two days — this 
rough approximation being, as it happened, only 
thirty-seven seconds in excess of the true period, he 
proceeded to take three intervals of one month each. 
This should have given a much better value, but, as 
it happened, the mean of the values he obtained was 
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fortynsix seconds too great. He then took a period 
of two years, and being misled by the erroneous 
values he had already obtained, he missed one rota-- 
tioTiy getting a value two minutes too great. Thirty 
years ago, two German astronomers. Beer and Madler, 
tried the same problem, and taking a period of 
seven years, obtained a value which exceeds the 
true value by only one second. Another German, 
Kaiser, by combining more observations, obtained a 
value which is within one-fifteenth of a second of the 
true value. But a comparison of observations ex- 
tending over 200 years has enabled the present writer 
to obtain a value which he considers to lie one- 
hundredth part of a second of the truth. This value 
for Mars' rotation-period is 24 hours 37 minutes 22*74 
seconds. 

Here, then, we have a result so accurate, that at 
some future time, it may serve to test the earth's 
rotation-period. We have compared the rotation-rate 
of our test-planet with the earth's rate during the 
past 200 years ; and therefore, if the earth's rate 
vary by more than one-hundredth of a second in the 
next two or three hundred years, we shall — or, rather, 
our descendants will — begin to have some notion of 
the change at the end of that time. 

But, in the meantime, mankind being impatient, 
and not willing to leave to a distant posterity any 
question which can possibly be answered now^ astro- 
nomers have looked around them for information avail- 
able at once on this interesting point. The search has 
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not been in vain. In fact, we are able to announce, 
with an approach to positiveness, that our great terres- 
trial time-piece is actually losing time. 

In our moon we have a neighbour which ha& long 
been in the habit of answering truthfully questions 
addressed to her by astronomers. Of old, she told 
Newton about gravitation, and when he doubted, and 
urged contradictory evidence offered — as men in his 
time supposed — by the earth, she set him on the 
right track, so that when in due time the evidence 
offered by the earth was corrected, Newton was pre- 
pared at once to accept and propound the noble theory 
which rendered his name illustrious. Again, men 
wished to learn the true shape of the earth, and went 
hither and thither measuring its globe ; but the moon, 
meanwhile, told the astronomer who remained at 
home a truer tale. They sought to learn the earth's 
distance from the sun, and from this and that point 
they turned their telescopes on Venus in transit ; but 
the moon has set them nearer the truth, and that not 
by a few miles, but by 3,000,000 or more. We shall 
see that she has had something to say about our great 
terrestrial time-piece. 

One of the great charms of the science of astro- 
nomy is, that it enables men to predict. At such and 
such an hour, the astronomer is able to say, a celestial 
body will occupy such and such a point on the celes- 
tial sphere. You direct a telescope towards the point 
named, and lo ! at the given instant the promised orb 
sweeps across the field of view. Each year there 
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is issued a thick octavo volume crowded with such 
predictions, three or four years in advance of the 
events predicted; and these predictions are accepted 
with as little doubt by astronomers as if they were 
the records of past events. 

But astronomers are not only able to predict — they 
can also trace back the paths of the celestial bodies, 
and say : ^ At such and such a long-past epoch, a 
given star or planet occupied such and such a position 
upon the celestial sphere.' But how are they to 
verify such a statement ? It is clear that, in general, 
they cannot do so. Those who are able to appreciate 
(or, better, to make use of) the predictions of astro- 
nomy, will, indeed, very readily accord a full measure 
of confidence to calculations of past events. They 
know that astronomy is justly named the most exact 
of the sciences, and they can see that there is nothing, 
in the nature of things, to render retrospection more 
difficult than prevision. But there are hundreds who 
have no such experience of the exactness of modem 
astronomical methods — ^who have, on the contrary, a 
vague notion that modem astronomy is merely the 
successor of systems now exploded; perhaps even 
that it may one day have to make way in its turn 
for new methods. And if all other men were willing 
to accept the calculations of astronomers respecting 
long-past events, astronomers themselves would be 
less easily satisfied. Long experience has taught 
them that the detection of error is the most fruitful 
source of knowledge; therefore, wherever such a 



44 LIGHT SCIENCE FOR LEISURE HOURS. 

course Is possible, they always gladly submit their 
calculations to the test of observation. 

Now, looking backward into the far past, it is only 
here and there that we see records which afford means 
of comparison with modem calculations. The planets 
have swept on in their courses for ages with none to 
note them. Gradually, observant men began to 
notice and record the more remarkable phenomena. 
But such records, made with very insufficient instru- 
mental means, have in general but little actual value. 
It has been found easy to confirm them without any 
special regard to accuracy of calculation. 

But there is one class of phenomena which no in- 
accuracy of observation can very greatly affect. A 
total eclipse of the sim is an occurrence so remarkable, 
that (1) it can hardly take place without being 
recorded, and (2) a very rough record will suffice to 
determine the particular eclipse referred to. Long 
intervals elapse between successive total eclipses 
visible at the same place on the earth's surface ; and 
even partial eclipses of noteworthy extent occur but 
seldom at any assigned place. Very early, therefore, 
in the history of modern astronomy, the suggestion 
was made, that eclipses recorded by ancient his- 
torians should be calculated retrospectively. An un- 
expected result rewarded the undertaking: it was 
found that ancient eclipses could not be fairly ac- 
counted for without assigning a slower motion to the 
moon in long-past ages than she has at present ! 

Here was a difficulty which long puzzled mathe- 
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maticians. One after another was foiled by it. Halley, 
an English mathematician, had detected the difficulty, 
but no English mathematician was able to grapple 
with it. Contented with Newton's fame, they had 
suffered their continental rivals to shoot far ahead in 
the course he had pointed out. But the best con- 
tinental mathematicians were defeated. In papers of 
acknowledged merit, adorned by a variety of new pro- 
cesses, and showing a deep insight into the question at 
issue, they yet arrived, one and all, at the same con- 
clusion — ^failure. 

Ninety years elapsed before the true explanation 
was offered by the great mathematician Laplace. A 
fiiU exposition of his views would be out of place in 
such a paper as the present, but, briefly, they amount 
to this: — 

The moon travels in her orbit, swayed chiefly by the 
earth's attraction. But the sun, though greatly more 
distant, yet, owing to the immensity of his mass, plays an 
important part in guiding our satellite. His influence 
tends to relieve the moon, in part, from the earth's 
sway. Thus she travels in a wider orbit, and with a 
slower motion, than she would have but for the sun's 
influence. Now the earth is not at all times equally 
distant from the sim, and his influence upon the moon 
is accordingly variable. In winter, when the earth is 
nearest to the sun, his influence is greatest. The 
lunar month, accordingly (as anyone may see by 
referring to an almanack), is longer in winter than in 
summer. This variation had long been recognised as 



46 LIGHT SCIENCE FOR LEISURE HOURS. 

the moon's ^annual equation;' but Laplace was the 
first t.0 point out that the variation is itself slowly 
varying. The earth's orbit is slowly changing in 
shape — becoming more and more nearly circular year 
by year. As the greater axis of her orbit is un- 
changing, it is clear that the actual extent of the orbit 
is slowly increasing. Thus, the moon is slightly 
released from the sun's influence year by year, and so . 
brought more and more under the earth's influence. 
She travels, therefore, continually faster and faster; 
though the change is indeed but a very minute one — 
only to be detected in long intervals of time. Also 
the moon's acceleration^ as the change is termed, is 
only temporary, and will in due time be replaced by 
an equally gradual retardation. 

When Laplace had calculated the extent of the , 
change due to the cause he had detected, and when t$ 
was found that ancient eclipses were now satisfactorily 
accounted for, it may well be believed that there was 
triumph in the mathematical camp. But this was not 
all. Other mathematicians attacked the same problan, 
and their results agreed so closely that all were con- 
vinced that the diflSculty was thoroughly vanquished. 

A very noteworthy result flowed from Laplace's 
calculations. Amongst other solutions which had been 
suggested, was the supposition (supported by no less 
an authority than Sir Isaac Newton, who lived to see 
the commencement of the long conflict maintained by 
mathematicians with this diflSculty), that it is not the 
moon travelling more quickly, but our earth rotating 
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more slowly, which causes the observed discrepancy. 
Now it resulted from Laplace's labours — as he was 
the first to announce — that the period of the earth's 
rotation has not varied by one-f enth of a second per 
century in the last two thousand years. The question 
thus satisfactorily settled, as was supposed, was shelved 
for more than a quarter of a century. The result, 
also, which seemed to flow from the discussion — the 
constancy of the earth's rotation-movement — was 
accepted ; and, as we have seen, our national system 
of measures was founded upon the assumed constancy 
of the day's duration. 

But mathematicians were premature in their re- 
joicings. The question has been brought, by the 
labours of Professor Adams — co-discoverer with Le- 
verrier of the distant Neptune — almost exactly to the 
point which it occupied a century ago. We are face 
to face with the very difficulties — somewhat modified 
in extent, but not in character — which puzzled Halley, 
Euler, and Lagrange. It would be an injustice to 
the memory of Laplace to say that his labours were 
thrown away. The explanation offered by him is 
indeed a just one, but it is insufficient. Properly esti- 
mated, it removes only half the difficulty which had 
perplexed mathematicians. It would be quite impos- 
sible to present in brief space, and in form suited to 
these pages, the views propounded by Adams. What, 
for instance, would most of our readers learn if we 
were to tell them that, 'when the variability of the 
eccentricity is taken into account, in integrating the 
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differential equations involved in the problem of the 
lunar motions — that is, when the eccentricity is made a 
function of the time — non-periodic or secular terms 
appear in the ezpiression for the moon's mean motion ' 
— and so on ? Let it suffice to say that Laplace had 
considered only the effect of the sun in diminishing 
the earth's pull on the moon, supposing that the slow 
variation in the sun's direct influence on the moon's 
motion in her orbit must be self-compensatory in long 
intervals of time. Adams has shown, on the contrary, 
that when this variation is closely examined, no such 
compensation is found to take place ; and that the 
effect of this want of compensation is to diminish by 
more than one-half the effects due to the slow varia- 
tion examined by Laplace. 

These views gave rise at first to considerable con- 
troversy. Pontecoulant characterised Adams's pro- 
cesses as * analytical conjuring-tricks ; ' and Leverrier 
stood up gallantly in defence of Laplace. The contest 
swayed hither and thither for awhile ; but gradually 
the press of new arrivals on Adams's side began to 
prevail. One by one, his antagonists gave way ; new 
processes have confirmed his results, figure for figure ; 
and no doubt now exists, in the mind of any astro- 
nomer competent to judge, of the correctness of 
Adams's views. 

But, side by side with this inquiry, another had 
been in progress. A crowd of diligent labourers had 
been searching with close and rigid scrutiny into the 
circumstances attending ancient eclipses. A new light 
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had been thrown upon this subject by the labours of 
modern travellers and historians. One remarkable 
instance of this may be cited. Mr. Layard has iden- 
tified the site of Larissa with the modern Nimroud. 
Now, Xenophon relates that when Larissa was besieged 
by the Persians, an eclipse of the sun took place, so 
remarkable in its effects (and therefore undoubtedly 
total), that the Median defenders of the town threw 
down their arms, and the city was accordingly cap- 
tured. And Hansen has shown that a certain estimate 
of the moon's motion makes the eclipse which occurred 
on August 15, 310 B.C., not only totaly but central at 
Nimroud. Some other remarkable eclipses — as the 
celebrated sunset eclipse (total) at Rome, 399 B.C., 
the eclipse whidi enveloped the fleet of Agathocles as 
he escaped from Syracuse; the famous eclipse of 
Thales, which interrupted a battle between the Medes 
and Lydians; and even the partial eclipse which 
(probably) caused the * going back of the shadow upon 
the dial of Ahaz ' — have all been accounted for satis- 
factorily by Hansen's estimate of the moon's motion ; 
so, also, have nineteen lunar eclipses recorded in the 
Almagest. 

This estimate of Hansen's, which accounts so satis- 
factorily for solar and lunar eclipses, makes the moon's 
ra.te of motion increase more than twice as fast as it 
should do according to the calculations of Adams. 
But before our readers run away with the notion that 
astronomers have here gone quite astray, it will be 
well to present, in a simple manner, the extreme 

E 
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minuteness of the discrepancy about which all the coil 
has been made. 

Suppose that, just in front of our moon, a false moon 
exactly equal to ours in size and appearance (see note 
at the end of this paper) were to set off with a motion 
corresponding to the present motion of the moon, save 
only in one respect — namely, that the false moon's 
motion should not be subject to the change we are 
considering, termed the acceleration. Then one hui;!- 
dred years would elapse before our moon would fairly 
begin to show in advance. She would, in that time, 
have brought only one-one-hundred-and-fifdeth part of 
her breadth from behind the false moon. At the end 
of another century, she would have gained four 
times as much ; at the end of a third, nine times as 
much : and so on. She would not fairly have cleared 
her own breadth in less than twelve hundred years. 
But the whole of this gain, minute as it is, is not left 
unaccounted for by our modern astronomical theories. 
Half the gain is explained, the other half remains to 
be interpreted ; in other words, the moon travels fur" 
ther by about half her own breadth in twelve centuries 
than she should do according to the lunar theory. 

But in this difficulty, small as it seems, we are not 
left wholly without resource. We are not only able 
to say that the discrepancy is probably due to a 
gradual retardation of the earth's rotation-movement, 
but we are able to place our finger on a very sufficient 
cause for such a retardation. One of the most firmly 
established principles of modem science is this — that 
where work is done, force is, in some way or other. 
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expended. The doing of work may show itself in a 
variety of ways — in the generation of heat, in the 
production of light, in the raising of weights, and so 
on ; but in every case an equivalent force must be 
expended. If the brakes are applied to a train in 
motion, intense heat is generated in the substance of 
the brake ; now, the force employed by the brakesman 
is not equivalent to the heat generated. Where, then, 
is the balance of force expended ? We all know that 
the train's motion is retarded, and this loss of motion 
represents the requisite expenditure of force. Now, is 
there any process in nature resembling, in however 
remote a degree, the application of a brake to check 
the earth's rotation? There is. The tidal wave, 
which sweeps, twice a day, round the earth, travels in 
a direction contrary to the earth's motion of rotation. 
That this wave * does work,' no one can doubt who has 
watched its effects. The mere rise and fall in open 
ocean may not be strikingly indicative of ^ work done ; ' 
but when we see the behaviour of the tidal wave in 
narrow channels, when we see heavily-laden ships 
swept steadily up our tidal rivers, we cannot but 
recognise the expenditure of force. Now, where does 
this force come from ? Motion being the great * force- 
measurer,' what motion suffers that the tides may work? 
We may securely reply, that the only motion which 
can supply the requisite force is the earth's motion of 
rotation. Therefore, it is no idle dream, but a matter of 
absolute certainty, that, though slowly, still very surely, 
our terrestrial globe is losing its rotation-movement. 

b2 
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Considered as a time-piece, what are the earth's 
errors? Suppose, for a moment, that the earth was 
timed and rated two thousand years ago, how much 
has she lost, and what is her * rate-error?' She has 
lost in that interval nearly one hour and a quarter, and 
she is losing now at the rate of one second in twelve 
weeks. In other words, the length of a day is now 
more by about one-eighty-fourth part of a second than 
it was two thousand years ago. At this rate of change, 
our day would merge into a lunar month in the course 
of thirty-six thousand millions of years. But after a 
while, the change will take place more slowly, and 
some trillion or so of years will elapse before the full 
change is effected. 

Distant, however, as is the epoch at which the 
changes we have been considering will become effec- 
tive, the subject appears to us to have an interest apart 
from the mere speculative consideration of the future 
physical condition of our globe. Instead of the recur- 
rence of ever-varying, closely intermingled cycles of 
fluctuation, we see, now for the first time, the evidence 
of cosmical d«cay — a decay which, in its slow progress, 
may be but the preparation for renewed genesis — but 
still, a decay which, so far as the races at present sub- 
sisting upon the earth are concerned, must be looked 

upon as finally and completely destructive.* 

(From Chambers^ 8 J<mmal, October 12, 1867.) 

* In the Quarterly Journal of Science for October 1866, a more 
detailed but somewhat less popular account of the subject of the above 
paper is presented. A few months earlier, a charmingly-written paper 
en the same subject, from the pen of Mr. J. M. Wilson, of Bugby, had 



53 



ENCKE THE ASTRONOMEB, 

Four years have passed since Encke died. Even 
those four years have witnessed notable changes in the 
aspect of the science he loved so well. But we must look 
back over more than fifty years, if we would form an 
estimate of the position of astronomy when Encke's 
most notable work was achieved. At Seeberge, under 
Lindenau, Encke had been perfecting himself in the 

appeared in the Eagle^ a magazine written by and for members of St. 
John's College, Cambridge. Although my paper in the Quarterly Journal 
of Science was written quite independently of Mr. Wilson's (which, 
however, I had read), yet it chanced that in describing the same mathe- 
matical relations, and the same sequence of events, I here and there 
used language closely resembling his. I fear this led for awhile to 
some misconception ; but I was fortunately able to show in Mr. 
Be la Hue's address to the Astronomical Society, on the same sub- 
ject, passages yet more strikingly resembling some in Mr. Wilson's 
paper (written subsequently and quite independently). The fact would 
seem to be that if two persons describe the same events, and deal with 
the same mathematical relations, it is almost certain that in more than 
one passage they will use somewhat similar expressions. 

I was actually indebted to Mr. Wilson's paper for one illustration, 
however, — ^that derived from the movements of a supposed artificial 
moon ; and I think that had his paper appeared in a magazine printed 
for general circulation, I should have referred t^ it. As it was, this 
seemed useless so far as the readers of the Quarterly Journal of Science 
were concerned. The circumstances of the case were, indeed, far 
from calling for a reference ; while I had in a sense made the illustra- 
tion my own by detecting an important miscalculation in the original 
(the amount of advance being either doubled or halved — I forget which). 
Had I referred to Mr. Wilson's paper, I must needs have mentioned 
this mistake ; and it would have appeared as though I had had no other 
purpose in making the reference. 

I mention these matters to explain what I fear my esteemed fellow- 
collegian was disposed at the time to regard as either a wrong or a 
slight. Nothing was farther from my intention than either. 
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higher branches of mathematical calculation. He took 
the difficult work of determining the orbital motions of 
newly-discovered comets under his special charge, and 
Dr. Bruhns tells us that every comet which was detected 
during Encke's stay at Seeberge was subjected to rigid 
scrutiny by the indefatigable mathematician. Before 
long a discovery of the utmost importance rewarded his 
persevering labours. Pons had detected on Novem- 
ber 26, 1818, a comet of no very brilliant aspect, which 
was watched first at Marseilles, and then at Mannheim, 
until December 29. Encke next took up the work, 
and tracked the comet until January 12. Combining 
the observations made between December 22 and 
January 12, he assigned to the body a parabolic orbit. 
But he was not satisfied with the accordance between 
this path and the observed motions of the body. When 
he attempted to account for the motions of the comet 
by means of an orbit of comparatively short period, he 
was struck by the resemblance between the path thus 
deduced and that of Comet I, 1805. Gradually the 
idea dawned upon him that a new era was opening for 
science. Hitherto the only periodical comets which had 
been discovered except Lexell's — the *lost comet' — 
had travelled in orbits extending far out into space 
beyond the paths of the most distant known planets. 
But now Encke saw reason to believe that he had 
to deal with a comet travelling within the orbit of 
Jupiter. On February 5, he wrote to the eminent 
mathematician Gauss, pointing out the results of his 
inquiries, and saying that he only waited for the en- 



ENCKE THE ASTRONOMER. 55 

couragement and authority of his former teacher to 
prosecute his researches to the end towards which they 
already seemed to point. Gauss, in reply, not only 
encouraged Encke to proceed, but counselled him as 
to the course he should pursue. The result we all 
know. Encke showed conclusively that the newly- 
discovered comet travels in a path of short period, and 
that it had already made its appearance several times 
in our neighbourhood. 

From the date of this discovery, Encke took high 
rank among the astronomers of Europe. His subse- 
quent labours by no means fell short of the promise 
which this, his first notable achievement, had afforded. 
If he effected less as an astronomical observer than 
many of his contemporaries, he was surpassed by few 
as a manipulator of those abstruse formulae by which 
the planetary perturbations are calculated. It was to 
the confidence engendered by this skill that we owe 
his celebrated discovery of the acceleration of the 
motion of the comet mentioned above. Assured that 
he had rightly estimated the disturbances to which the 
comet is subjected, he was able to pronounce confidently 
that some cause continually (though all but impercep- 
tibly) impedes the passage of this body through space, 
and so — by one of those strange relations which the 
Btudent of astronomy is familiar with — the continually 
retarded comet travels ever more swiftly along a con- 
tinually diminishing orbit. 

Bruhns' Life of Encke is well worth reading, not only 
by those who are interested in Encke's fame and work 
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as an astronomer, but by the general reader. Encke 
the man is presented to our view, as well as Encke the 
astronomer. With loving pains the pupil of the great 
astronomer handles the theme he has selected. The 
boyhood of Encke, his studies, his soldier life in the 
great uprising against Napoleon in 1813, and his work 
at the Seeberge Observatory ; his labours on comets and 
asteroids; his investigations of the transits of 1761 
and 1769; his life as an academician, and a« director 
of an important observatory; his orations at festival 
and funeral ; and lastly, his illness and death, are de- 
scribed in these pages by one who held Encke in 
grateful remembrance as ^ teacher and master,' and as 
* a fatherly friend.' 

Not the least interesting feature of the work is the 
correspondence introduced into its pages. We find 
Encke in communication with Humboldt, with Bessel 
and Struve, with Hansen, Olbers, and Argelander ; 
with a host, in fine, of Uving as well as of departed 
men of science. 

(From Natwe^ March 10, 1870.) 



VENUS ON THE SUNS FACE. 

More than a century ago scientific men were looking 
forward with eager interest to the passage of the 
planet Venus across the sun's face in 1769. The 
Royal Society judged the approaching event to be of 
such extreme importance to the science of astronomy, 
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that they presented a memorial to King George III.^ 
requesting that a vessel might be fitted out> at govern- 
ment expense, to convey skilful observers to one of the 
stations which had been judged suitable for observing 
the phenomenon. The petition was complied with, 
and after some difficulty as to the choice of a leader, 
the good ship * Endeavour,' of 370 tons, was placed 
imder the command of Captain Cook. The astrono- 
mical work entrusted to the expedition was completely 
successful; and thus it was held that England had 
satisfactorily discharged her part of the work of utilis- 
ing the rare phenomenon known as a transit of Venus. 
A century passes, and science is again awaiting with 
interest the approach of one of these transits. But 
now her demands are enlarged. It is not one ship that 
is asked for, but the full cost and charge of several 
expeditions. And this time, also, science has been 
more careful in taking time by the forelock. The first 
hints of her requirements were heard some fourteen years 
ago, when the Astronomer-Royal began that process 
of laborious inquiry which a question of this sort neces- 
sarily demands. Gradually, her hints became more 
and more plain-spoken; insomuch that Mr. Airy — her 
» mouthpiece in this case — stated definitely, a few months 
ago, what he thought science had a right to claim from 
England in this matter. When the claim came before 
our government, it was met with a liberality which 
was a pleasing surprise after Mr. Lowe's placid refer- 
ence of scientific people to their own devices. The 
sum of ten thousand fivfe hundred pounds has been 
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granted to meet the cost of several important and well- 
appointed expeditions ; and doubtless further material 
aid will be derived from the various government obser- 
vatories. 

And now let us inquire why so much interest is 
attached to a phenomenon which appears, at first sight, 
to be so insignificant. Transits, eclipses, and other 
phenomena of that nature are continually occurring, 
without any particular interest being attached to them. 
The telescopist may see half-a-dozen such phenomena 
in the course of a night or two, by simply watching 
the satellites of Jupiter, or the passage of our moon 
over the stars. Even the great eclipse of 1868 did 
not attract so much interest as the coming transit of 
Venus, yet that eclipse had never been equalled in 
importance by any which has occurred in historic times, 
and hundreds of years must pass before such another 
happens, whereas transits of Venus are far from being 
so uncommon. 

The fact is, that Venus gives us the best means we 
have of mastering a problem which is one of the most 
important within the whole range of the science of 
astronomy. We use the term important, of course, 
with reference to the scientific significance and interest 
of the problem. Practically, it matters little to us 
whether the sun is a million of miles or a thousand 
millions of miles from us. The subject must in any 
case be looked upon as an extra- parochial one. But 
science does occasionally attach immense interest to 
extra-parochial subjects. And this is neither unwise 
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nor unreasonable, since we find implanted in our very- 
nature — and not merely in the nature of scientific 
men — a quality which causes us to take interest in a 
variety of matters that do not in the least concern our 
personal interests. Nor is this quality, rightly con- 
sidered, one of the least noble characteristics of the 
human race. 

That the determination of the sun's distance is im- 
portant, in an astronomical sense, will be seen at once 
when it is remembered that the ideas we form of the 
dimensions of the solar system are wholly dependent 
on our estimate of the sun's distance. Nor can we 
gauge the celestial depths with any feeling of assur- 
ance, unless we know the true length of that which is 
our sole measuring-rod. It is, in fact, our basis of 
measurement for the whole visible universe. In some 
respects, even if we knew the sun's distance exactly, 
it would still be an unsatisfactory gauge for the stellar 
depths. But that is the misfortune, not the fault of 
the astronomer, who must be content to use the mea- 
suring-rod which nature gives him. All he can do is 
to find out as nearly as he can its true length. 

When we come to consider how the astronomer is to 
determine this very element — the sun's distance — we 
find that he is hampered with a difficulty of precisely 
the same character. 

The sun being an inaccessible object, the astronomer 
can apply no other methods to determine its distance — 
directly — than those which a surveyor would use in 
determining the distance of an inaccessible castle, 01^ 



6o LIGHT SCIENCE FOR LEISURE HOURS. 

rock, or tree, or the like. We shall see presently that 
the ingenuity of astronomers has, in fact, suggested 
some other indirect methods. But clearly the most 
satisfactory estimate we can have of the sun's distance 
is one founded on such simple notions and involving in 
the main such processes of calculation as we have to 
deal with in ordinary surveying. 

There is, in this respect, no mystery about the solu- 
tion of the famous problem. Unfortunately, there is 
enormous difficulty. 

When a surveyor has to determine the distance of 
an inaccessible object, he proceeds in the following 
manner: — He first very carefully measures a base-line 
of convenient length. Then from either end of the 
base-line he takes the bearings of the inaccessible 
object — that is, he observes the direction in which it 
lies. It is clear that if he were now to draw a figure 
on paper, laying down the base-line to some convenient 
scale, and drawing lines from its ends in directions 
corresponding to the bearings of the observed object, 
these lines would indicate, by their intersection, the 
true relative position of the object. In practice, the 
mathematician does not trust to so rough a method 
as construction, but applies processes of calculation. 

Now it is clear that in this plan everything depends 
on the bafie-line. It must not be too short in com- 
parison with the distance of the inaccessible object ; for 
then, if we make the least error in observing the bear- 
ings of the object, we get an important error in the 
resulting determination of the distances. The reader 
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can easfly convince himself of this by drawing an 
illustrative case or two on paper. 

The astronomer has to take his base-line for deter- 
mining the sun's distance, upon our earth, which is 
quite a tiny speck in comparison with the vast distance 
which separates us from the sun. It had been found 
difficult enough to determine the moon's distance with 
such a short base-line to work from. But the moon is 
only about a quarter of a million of miles from us, 
while the sun is more than ninety millions of miles off. 
Thus the problem was made several hundred times 
more difficult — or, to speak more correctly, it was 
rendered simply insoluble unless the astronomer could 
devise some mode of observing which should vastly 
enhance the power of his instruments. 

For let us consider an illustrative case. Suppose 
there were a steeple five miles off, and we had a base- 
line only two feet long. That would correspond as 
nearly as possible to the case the astronomer has to 
deal with. Now what change of direction could be 
observed in the steeple by merely shifting the eye 
along a line of two feet? There is a ready way of 
answering. Invert the matter. Consider what a line 
of two feet long would look like if viewed from a dis- 
tance of five miles. Would its length be appreciable, 
to say nothing of its being measurable ? Yet it is just 
such a problem as the measurement of that line which 
the astronomer would have to solve. 

But even this is not all. In our illustration only 
one observer is concerned, and he would be able to use 
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one set of instruments. Suppose, however, that from 
one end of the two-feet line an observer using one set 
of instruments took the bearing of the steeple; and 
that, half a year after, another observer brought another 
set of instruments and took the bearing of the steeple 
from the other end of the two-feet line, is it not obvious 
how enormously the uncertainty of the result would 
be increased by such an arrangement as this? One 
observer would have his own peculiar powers of obser- 
vation, his own peculiar weaknesses ; the other would 
have different peculiarities. One set of instruments 
would be characterised by its own faults or merits, so 
would the other. One series of observations would be 
made in summer, mth all the disturbing effects due to 
heat ; the other would be made in winter, with all the 
disturbing effects due to cold. 

The observation of the sun is characterised by aU 
these difficulties. Limited to the base-lines he can 
measure on earth, the astronomer must set one observer 
in one hemisphere, another in the other. Each observer 
must have his own set of instruments ; and every ob- 
servation which one has made in summer will have to 
be compared with an observation which the other has 
made in winter. 

Thus we can understand that astronomers should 
have failed totally when they attempted to determine 
the sun's distance without aid from the other celestial 
bodies. 

It may seem at first sight as though nothing the other 
celestial bodies could tell the astronomer would be of 
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the least use to him, since these bodies are for the 
most part farther off than the sun, and even those which 
approach nearest to us are still far beyond the limits of 
distance within which the simple plan followed by sur- 
veyors could be of any service. And besides, it might 
be supposed that information about the distance of one 
celestial body could be of no particular service towards 
the determination of the distance of another. 

But two things aid the astronomer at this point. 
First of all, he has discovered the law which associates 
together the distances of all the planets from the sun ; 
so that if he can determine the distance of any one 
planet he learns immediately the distances of all. Se- 
condly, the planets in their motion travel occasionally 
into such positions that they become mighty indices, 
tracing out on a natural dial-plate the significant lesson 
from which the astronomer hopes to learn so much. To 
take an instance from the motions of another planet 
than the one we are dealing with. Mars comes some- 
times so near the earth that the distance separating us 
from him is little more than one-third of that which 
separates us from the sun. Suppose that, at such a 
time, he is seen quite close to a fixed star. That star 
gives the astronomer powerful aid in determining the 
planet's distance. For, to observers in some parts of 
the earth, the planet will seem nearer to the star than 
he will to observers elsewhere. A careful comparison 

• 

of the effects thus exhibited will give significant evi- 
dence respecting the distance of Mars. And we see 
that the star has served as a fixed mark upon the vast 
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natural dial of the heayens, just as the division-marks 
on a clock-face serve to indicate the position of the 
hands. 

Now we can at once see why Venus holds so im- 
portant a position in this sort of inquiry. Venus is 
our nearest neighbour among the planets. She comes 
several millions of miles nearer to us than Mars, our 
next neighbour on the other side. That is the primary 
reason of her being so much considered by astronomers. 
But there is another of equal importance. Venus 
travels nearer tha,n our earth to the sun. And thus 
there are occasions when she gets directly between the 
earth and the sun. At those times she is seen upon 
his face, and his face serves as a dial-plate by which to 
measure her movements. When an observer at one 
part of the earth sees her on one part of the sun's face, 
another observer at some other part of the earth will 
see her on another, and the difference of position, if 
accurately measured, would at once indicate the sun's 
distance. As a matter of fact, other modes of reading 
off the indications of the great dial-plate have to be 
adopted. Before proceeding to consider those modes, 
however, we must deal Avith one or two facts about 
Venus's movements which largely affect the question 
at issue. 

Let us first see what we gain by considering the 
distance of Venus rather than that of the sun. 

At the time of a transit Venus is of course on a line 
between the earth and the sun, and she is at somewhat 
less than a third of the sun's distance from us. Thus 
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whatever effect an observer's change of place would pro- 
duce upon the sun would be more than trebled in the 
case of Venus. But it must not be forgotten that we 
are to judge the motions of Venus by means of the 
dial-plate formed by the solar disc, and that dial-plate 
is itself shifted as the observer shifts his place. Venus 
is shifted three times as much^ it is true ; but it is only 
the balance of change that our astronomer can recog- 
nise. That balance is, of course, rather more than 
twice as great as the sun's change of place. 

So far, then, we have not gained much, since it has . 
been already mentioned that the sun's change of place 
is not measurable by any process of observation astro- 
nomers can apply. 

It is to the fact that we have the sun's disc whereby 
to measure the change that we must chiefly trust ; and 
even that would be insufficient were it not for the fact 
that Venus is not at rest, but travels athwart the great 
solar dial-plate. We are thus enabled to make a time 
measurement take the place of a measurement of space. 
If an observer in one place sees Venus cross the sun's 
face at a certain distance from the centre, while an 
observer at another place sees her follow a path slightly 
farther from the centre, the transit will clearly seem 
longer to the former observer than to the latter. 

This artifice of exchanging a measurement of time 
for one of space — or vice versd — is a very common 
one among astronomers. It was Edmund Halley, the 
friend and pupil of Sir Isaac Newton, who suggested 
its application in the way above described. It will be 

F 
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noticed that what is required for the successful applica- 
tion of the method is that one set of observers should 
be as far to the north as possible, another as far to the 
south, so that the path of Venus may be shifted as 
much as possible. Clearly the northern observers will 
see her path shifted as much to the south as it can pos- 
sibly be, while the southern observers will see the path 
shifted as far as possible towards the north. 

One thing, however, is to be remembered. A 
transit lasts several hours, and our observers must be 
so placed that the sun will not set during these hours. 
This consideration sometimes involves a difficulty. 
For our earth does not supply observing room all over 
her surface, and the very region where observation 
would be most serviceable may be covered by a widely- 
extended ocean. Then, again, the observing parties 
are being rapidly swayed round by the rotating earth ; 
and it is often difficult to fix on a spot which may not, 
through this cause, be shifted from a favourable 
position at the beginning of the transit to an unfavour- 
able one at the end. 

Without entering on all the points of difficulty in- 
volved by such considerations as these, we may simply 
indicate the fact that the astronomer has a problem of 
considerable complexity to solve in applying Halley's 
mode of observation to a transit of Venus. 

It was long since pointed out by the French as- 
tronomer Delisle that the subject may be attacked 
another way — that, in fact, instead of noticing how 
much longer the transit lasts in some places than in 
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others, the astronomer may inquire how much earKer 
it begins or ends in some places than in others. 

Here is another artifice, extremely simple in prin- 
ciple, though not altogether so simple in its application. 
Our readers must bear with us while we briefly de- 
scribe the qualities of this second method, because in 
reality the whole question of the transit and all the 
points which have to be attended to in the equipment 
and placing of the various observing parties depend 
on these preliminary matters. Without attending to 
them — or at least to such primary points as we shall 
select — it would be impossible to form a clear con- 
ception of the circumstances mth which astronomers 
are about to deal. There is, however, no real dif- 
ficulty about this part of the subject, and we shall 
only ask of the reader to give his attention to it for a 
very brief space of time. 

Suppose the whole of that hemisphere of the earth 
on which the sun is shining when the transit is about 
to begin were covered with observers waiting for the 
event. As Venus sweeps rapidly onwards to the 
critical part of her path, it is clear that some of these 
observers will get an earlier view of the commencement 
of the transit than others will ; just as at a boat-race, 
persons variously placed round a projecting comer of 
the course see the leading boat come into view at 
different times. Some one observer on the outer rim 
of the hemisphere would be absolutely the first to see 
the transit begin. Then rapidly other observers would 
see the phenomenon ; and in the course of a few 

f2 



68 LIGHT SCIENCE FOR LEISURE HOURS, 

minutes some one observer on the outer rim of the 
hemisphere — almost exactly opposite the first — would 
be absolutely the last to see the transit begin. From 
that time the transit would be seen by all for several 
hours — we neglect the earth's rotation, of course, — 
but the end of the transit, like the beginning, would 
not be seen simultaneously by the observers. First 
one would see it, then in succession the rest, and last 
of all an observer almost exactly opposite the first. 

Now here we have had to consider four observers 
^ho occupy exceptional positions. There is (1) the 
observer who sees the transit begin earliest, (2) the one 
who sees it begin latest, (3) the one who sees it end 
earliest, and (4) the one who sees it end latest. Let 
us consider the first two only. Suppose these two 
observers afterwards compared notes, and found out 
what was the exact difference of time between their 
respective observations. Is it not clear that the result 
would at once afford the means of determiBing the 
sun's distance ? It would be the simplest of all possible 
astronomical problems to determine over what pro- 
portion of her orbit Venus passed in the interval of 
time which elapsed between these observations; and 
the observers would now have learned that that portion 
of Venus's orbit is so many miles long, for they know 
what distance separated them, and it would be easy to 
calculate how much less that portion of Venus's orbit 
is. Thus they would learn what the length of her 
whole orbit is, thence her distance from the sua, and 
thence the sun's distance from us. 
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The two observers who saw the transit end earliest 
and latest could do the like. 

Speaking generally, and neglecting all the com- 
plexities which delight the soul of the astronomer, this 
is Delisle's method of utilising a transit. It has ob- 
viously one serious disadvantage as compared with the 
other. An observer at one side of the earth has to 
bring his observations into comparison with those made 
by an observer at the other side of the earth. Each 
uses the local time of the place at which he observes, 
and it has been calculated that for the result to be of 
value there must not be an error of a single second in 
their estimates of local time. Now, does the reader 
appreciate the full force of this proviso ? Each ob- 
server must know so certainly in what exact longitude 
he is, that his estimate of the time when true noon 
occurs shall not be one second wrong ! This is all 
satisfactory enough in places where there are regular 
observatories. But matters are changed when we are 
dealing with such places as Woahoo, Kerguelen's 
Land, Chatham Island, and the wilds of Siberia. 

Here, however, as in so many other cases, the 
astronomer must take what he can get and be thankful. 
If Nature insists on not revealing her secrets unless 
astronomers will betake themselves to all manner of 
desert and uncanny places, all astronomers can do is 
to face ynth boldness the difficulties thus placed in 
their way, and to do their utmost to bring them into 
complete subjection. 

In the coming transit there are many such difficulties 
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to be encountered. In fact, it is almost impossible to 
conceive a transit the circumstances of which are more 
inconvenient. On the other hand, however, the transit 
is of such a nature that if once the preliminary diflS- 
culties are overcome, we can hope more from its indi- 
cations than from those of any other transit which will 
happen in the course of the next few centuries. 

The transit will begin earliest for observers in the 
neighbourhood of the Sandwich Islands, latest for 
observers near Crozet Island, far to the south-east of 
the Cape of Good Hope. It ends earliest for ob- 
servers far to the south-west of Cape Horn, latest for 
observers in the north-eastern parts of European 
Kussia. Thus we see that so far as the application 
of our second method is concerned, the suitable spots 
are not situated in the most inviting regions of the 
earth's surface. As the transit happens on December 8, 
1874, the principal northern stations will be very 
bleak abodes for the observers. The southern stations 
are in yet more dreary regions, — notwithstanding the 
fact that the transit occurs during the summer of the 
southern hemisphere. 

For the application of Halley's method we require 
stations where the whole transit will be visible, and as 
the days are very short at the northern stations in 
December, it is as respects these that we encounter 
most difficulty. However, it has been found that 
many places in Northern China, Japan, Eastern 
Siberia, and Mantchouria are suitable for the purpose. 
The best southern stations for tliis method lie unfor- 
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tunately on the unexplored Antarctic continent and 
the islands adjacent to it; but Crozet Island, Kerguelen 
Land, and some other places more easy of access than 
the Antarctic continent, will serve very well. Indeed, 
England has so many stations to occupy elsewhere 
that it is doubtful whether she will care to undertake 
the dangerous and difficult task of exploring the Ant- 
arctic wastes to secure the best southern stations. The 
work may fairly be left to other nations, and doubtless 
will be efficiently carried out. 

What England will actually undertake has not yet 
been folly decided upon. We may be quite certain 
that she will send out a party to Woahoo or Hawaii 
to observe the accelerated commencement of the transit. 
She will also send observers to watch the retarded 
commencement, but whether to Crozet Island, Ker- 
guelen Land, Mauritius, or Kodriguez is uncertain. 
Possibly two parties will be sent out for this purpose, 
and most likely Crozet Island and Mauritius will be 
the places selected. It had been thought until lately 
that the sun would be too low at these places when the 
transit begins, but a more exact calculation of the 
circumstances of the transit has shown this to be a 
mistake. Both Crozet Island and Kerguelen Land are 
Tery likely to be enveloped in heavy mists when the 
transit begins — ^that is, soon after sunrise — hence 
the choice of Mauritius or Rodriguez as a secondary 
station. 

England will also be called on to take an important 
pttrt in observing the accelerated end of the transit 
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A party will probably be sent to Chatham Island or 
Campbell Island, not far from New Zealand. It had 
been thought that at the former island the sun would 
be too low ;'but here, again, a more exact consideration 
of the circumstances of the transit has led astronomers 
to the conclusion that the sun will be quite high 
enough at this station. 

The Russian observers are principally concerned 
with the observation of the retarded end of the transit, 
nearly all the best stations lying in Siberia. But 
there are several stations in British India where this 
phase can be very usefully observed ; and doubtless 
the skilful astronomers and mathematicians who are 
taking part in the survey of India will be invited — 
as at the time of the great ecli}>se — to give their ser- 
vices in the cause of science. Alexandria, also, though 
inferior to several of the Indian stations, will probably 
be visited by an observing party from England. 

It will be seen that England will thus be called on 
to supply about half-a-dozen expeditions to view the 
transit. All of these will be sent out in pursuance of 
Delisle's mode of utilising a transit, so that, for reasons 
already referred to, it will be necessary that they 
should be provided with instruments of the utmost 
delicacy, and very carefully constructed.* They will 
have to remain at their several stations for a long time 
before the transit takes place — several months^ at least 

* It is held to be of the utmost importance that all the observing 
parties should use similar telescopes. It would be well if the class of 
telescope selected were Browning's 6-inch reflectors. 
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— so that they may accurately determine the latitude 
of the temporary observatories they will erect. This 
is a work requring skilled observers and recondite 
processes of calculation. Hence it is that the cost of 
sending out these observing parties is so considerable. 

The only English party which will apply Halley's 
method of observation is the one which will be stationed 
at Crozet Island or Kerguelen Land. This part of 
their work will be comparatively easy, the method only 
requiring that the duration of the transit should be 
carefully timed. In fact, one of the great advantages 
of Halley's method is the smallness of the expense it 
involves. A party might land the day before the 
transit and sail away the day after, with results at least 
as trustworthy as those which a party applying Delisle's 
method could obtain after several months of hard work. 
It is to this, rather than any other cause, that the small 
expense of the observations made in 1769 is to be 
referred. And doubtless had it been decided by our 
astronomical authorities to apply Halley's method 
solely or principally, the expense of the transit-obser- 
vations would have been materially lessened. There 
would, however, have been a risk of failure through 
the occurrence of bad weather at the critical stations ; 
whereas now— as other nations will doubtless avail 
themselves of Halley's method — the chance that the 
transit-observations wiU fail through meteorological 
causes is very largely diminished. Science will owe 
much to the generosity of England in this respect. 

It is, indeed, only recently that the possibility of 
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appljHing Halley's method has been recognised. It 
had been thought that the method must fail totally in 
1874. But on a more careful examination of the 
circumstances of the transit^ a French astronomer, 
M. Puiseux, was enabled to announce that this is not 
the case. Almost simultaneously the present writer 
published calculations pointing to a similar result ; but 
having carried the processes a few steps further than 
M. Puiseux, he was able to show that Halley's method 
is not only available in 1874, but is the more powerful 
method of the two. 

Unfortunately, there is an element of doubt in the 
inquiry of which no amount of care on the part of our 
observers and mathematicians will enable them to get 
rid. We refer to the behaviour of Venus herself. It 
is to the peculiarity we are now to consider that the 
j'w/z^-failure of the observations made in 1769 must be 
attributed. It is true that Mr. Stone, the eminent 
first-assistant at the Greenwich Observatory, has man- 
aged to remove the greater part of the doubts which 
clouded the results of those observations. But not 
even his skill and patience can serve to remove the 
blot which a century of doubt has seemed to throw 
upon the most exact of the sciences. We shall now 
show how much of the blame of that unfortunate 
century of doubt is to be ascribed to Venus. 

At a transit, astronomers confine their attention to 
one particular phase — the moment, namely, when 
Venus just seems to lie wholly within the outline of 
the sun's disc. This at least was what Halley and 
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Delisle both suggested as desirable. Unfortunately, 
Venus had not been consulted, and when the time of 
the transit came she declined to enter upon or leave 
the sun's face in the manner suggested by the astro- 
nomers. Consider, for example, her conduct when 
entering on the sun's face : — 

At first, as the black disc of the planet gradually 
notched the edge of the sun's disc, all seemed going on 
well. But when somewhat more than half of the 
planet was on the sun's face, it began to be noticed 
that Venus was losing her rotundity of figure. She 
became gradually more and more pear-shaped, until at 
last she looked very much like a peg-top touching with 
its point the edge of the sun's disc. Then suddenly — 
* as by a lightning flash,' said one observer — the top 
lost its peg, and then gradually Venus recovered her 
figure, and the transit proceeded without further 
change on her part until the time came for her to leave 
the sun's face, when similar peculiarities took place in 
a reversed order. 

Here was a serious difficulty indeed. For when 
was the moment of true contact ? Was it when the 
peg-top figure seemed just to touch the edge of the 
sun ? This seemed unlikely, because a moment after 
the planet was seen well removed from the sun's edge. 
Was it when the rotund part of the planet belonged to 
a figure which would have touched the sun's edge if 
the rotundity had been perfect elsewhere? This, 
again, seemed unlikely, because at this moment the 
black band connecting Venus and the sun was quite 
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wide. And, besides, if this were the true moment of 
contact, what eye could be trusted to determine the 
occurrence of a relation so pe(5uliar ? Yet the interval 
between this phase and the final or peg-top phase 
lasted several seconds — as many as twenty-two in one 
instance in 1769 — and the whole success of the obser- 
vation depended on exactness within three or four 
seconds at the outside. 

We know that Venus will act in precisely the same 
manner in 1874. If we had been induced to hope 
that improvements in our telescopes would diminish 
the peculiarity, the observations of the transit of 
Mercury in November 1868 would have sufficed to 
destroy that hope, for eVen with the all but perfect 
instruments of the Greenwich Observatory, Mercury 
assumed the peg-top disguise in the most unpleasing 
manner. 

It may be asked, then. What do astronomers propose 
to do in 1874 to prevent Venus from misleading them 
again as she did in 1769? Much has akeady been 
done towards this end. Mr. Stone undertook a series 
of careful researches to determine the law according to 
which Venus may be expected to behave, or to mis- 
behave herself; and the result is, that he has been able 
to tell the observers exactly what they will have to 
look for, and exactly what it is most important that 
they should record. In 1769, observers recorded their 
observations in such doubtful terms, owing to their 
ignorance of the real significance of the peculiarities 
they witnessed^ that the mathematicians who had to 
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make use of those observations were misled. Hinc 
illcB lacrymcB. Hence it is that an undeserved reproach 
has fallen upon the ^ exact science.' 

The amount of the error resulting from the misin- 
terpretation of the observations made in 1769 was, 
however, very small indeed, when its true character is 
considered. It is, indeed, easy to make the error seem 
enormous. The sun's distance came out some four 
millions of miles too large, and that seems no trifling 
error. • Then, again, the resulting estimate of the dis- 
tance of Neptune came out more than a hundred 
million miles too great; while even this enormous 
error was as nothing when compared with that which 
resulted when the distances of the fixed stars were 
considered. 

But this is an altogether erroneous mode of estimat- 
ing the effect of the error. It would be as absurd to 
count up the number of hairs' breadth by which the 
geographer's estimates of the length and breadth of 
England may be in error. In all such matters it is 
relative and not absolute error we have to consider. 
A microscopist would have made a bad mistake who 
should over-estimate the length of a fly's proboscis by 
a single hair's breadth ; but the astronomer had made 
a wonderfully successful measurement of the sun's dis- 
tance who deduced it within three or four millions of 
miles of the true value. For it is readily calculable 
that the error in the estimated relative bearing of the 
sun as seen from opposite sides of the earth corresponds 
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to the angle which a hair's breadth subtends when 
seen from a distance of 125 feet. 

The error was first detected when other modes of 
determining the sun's distance were applied by the 
skilful astronomers and physicists of our own day. 
We have no space to describe as fully as they deserve 
the ingenious processes by which the great problem 
has been attacked without aid from Venus. Indeed, 
we can but barely mention the principles on which 
those methods depend. But to the reader who takes 
interest in astronomy, we can recommend no subject 
as better worth studying than the masterly researches 
of Foucault, liCverrier, Stone, and Hansen upon the 
problem of the sun's distance. 

The problem has been attacked in four several ways. 
First, the tremendous velocity of light has been 
measured by an ingenious arrangement of revolving 
mirrors; the result combined with the known time 
occupied by light in travelling across the earth's orbit 
immediately gives the sun's distance. Secondly, a 
certain irregularity in the moon's motion, due to the 
fact that she is most disturbed by the sun when 
traversing that half of her path which is nearest to 
him, was pressed into the service with similar results. 
Thirdly, an irregularity in the earth's motion, due to 
the fact that she circles around the common centre of 
gravity of her own mass and the moon's, was made a 
means of attacking the problem. Lastly, Mars, a 
planet which, as we have already mentioned, approaches 
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us almost as nearly as Yenus^ was found an efficient 
ally. 

The result of calculations founded on these methods 
showed that the sun's distance, instead of being about 
95,000,000 miles, is little more than 91,500,000 miles. 
And recently, by a careful re-examination of the 
observations made upon Venus in 1769, Mr. Stone 
has shown that they point to a similar result. 

Doubtless, however, we must wait for the transit of 
Venus in 1874 before forming a final decision as to 
the estimate of the sun's distance which is to take its 
place in popular works on astronomy during the next 
century or so. Nothing but an unlooked-for com- 
bination of unfavourable circumstances can cause the 
failure of our hopes. Certainly, if we should fail in 
obtaining satisfactory results in 1874, the world will 
not say that the generosity of the English Government 
has been in fault, since it would be difficult to find a 
parallel in the history of modern science to the munifi- 
cence of the grant which has been made this year for 
expeditions to observe a phenomenon whose interest 
and importance are purely scientific. 

(From St PauPs, October 1869.) 



RECENT SOLAR RESEARCHES, 

Since the great eclipse of August 1868, our know- 
ledge respecting the constitution of the sun has been 
steadily progressing. One discovery after another has 
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been made, and there really seems to be no reason for 
believing that we have as yet nearly reached the limits 
of the knowledge which spectroscopic analysis is capable 
of supplying. Indeed, the invention of a new form of 
spectroscope — the ingenious automatic spectroscope of 
Mr. Browning — promises soon to be rewarded by a 
series of discoveries as important as any which have 
hitherto been made. We propose briefly to indicate 
the present position of our knowledge respecting the^ 
great central luminary of our system. 

The spectroscopic observation of the eclipse of 
August 1868 had shown that the strange prominences 
seen during total eclipses of the sun are vast masses 
of luminous vapour, — hydrogen flames, we may call 
them, considering how largely -hydrogen enters into 
their constitution. Only we must remember that it is 
hydrogen glowing from intensity of heat simply, and 
not burning hydrogen, that constitutes these promi- 
nences. Now it had long been recognised that the 
coloured prominences spring from an envelope of a 
similar nature surrounding the whole surface of the 
sun. Father Secchi, of the Collegio Komano, in a lecture 
given to the pupils of the ficole Ste. Genevieve, had 
thus in 1867 described this envelope (whose existence 
he was the first to recognise): — *The observation 
of eclipses furnishes indisputable evidence that the sun 
is really surrounded by a layer of red matter, of which 
we commonly see no more than the most elevated 
points.' One of the first and most interesting results 
of the eclipse observations was Mr. Lockyer's con- 
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firmation of the justice of this opinion. He and Jannsen 
had independently shown that the existence of promi- 
nences can be recognised when the sun is not eclipsed ; 
and the same method supplied clear evidence of the 
existence of this red envelope, to which Mr. Lockyer 
gave the name of the Chromosphere. Remembering who 
first indicated its existence as ^ indisputable,' we may 
conveniently call it Secchi's Chromosphere. (See note 
at the end of this paper.) 

Both the chromosphere and the prominences consist 
of glowing vapour. But there is a difference in their 
constitution. In the prominences there are usually but 
very few constituent vapours. Hydrogen is there, and 
another vapour, whose nature is as yet undetermined, 
while occasionally there are the vapours of other ele- 
ments. But in the chromosphere there are commonly 
several elements, and sometimes there are many. 

Here, then, we have above the photosphere of the 
sun a vaporous envelope, obviously of a complicated 
structure, and perhaps far more complicated than it has 
yet been proved to be. For it must be remembered 
that the lowest layers of this envelope might be com- 
posed of the vapours of numerous elements, and yet no 
record of their existence be recognised. A depth of 
ten miles would correspond to so small a proportion of 
the sun's diameter (about the 85,000th part) as to be 
wholly unrecognisable by any telescopic power men 
can hope to obtain. If any of our readers are tele- 
scopists, they will know what force lies in the remark 
that such a distance would subtend about the 44th 

G 



82 LIGHT SCIENCE FOE LEISURE HOURS. 

part of a second of arc, so that no less than twenty-six 
such distances could be placed between the components 
of that well-known test-object, the double companion 
of the star Gamma Andromedse.* 

Next below this coloured envelope there is the 
mottled photosphere, either a white-hot surface with 
relatively dark pores all over it, or, according to other 
and better authorities, a surface of white-hot spots 
spread over a relatively dark background. Here we 
are describing merely its appearance; what the con- 
stitution of this surface may in reality be remains yet 
to be determined. 

Beneath the photosphere there are vast depths of 
vapour, for when the photosphere is broken through 
where spots are formed, the spectroscope tells us that 
the relatively dark regions thus disclosed are filled 
with the vapours of various elements. We know that 
the dark lines which cross the rainbow-tinted solar 
spectrum are caused by the light-absorbing action of 
the vapours which surround the sun, and these lines 
are seen more distinctly in the spectrum of a sun-spot 
than in that of the photosphere. 

Now it is worthy of notice that all that has thus far 
been discovered tends to confirm the theory put for- 

♦ The view here presented was completely confirmed during the 
eclipse of last December. Professor Young and Mr. Pye independently 
recognised a layer whose spectrum showed all the Fraunhofer lines 
reversed. By observing at the place where the moon had just concealed 
the last fine sickle of the solar disc, they obviated the effects of diffirac- 
tion, which render the observation wholly impossible in the case of the 
mneclipsed sun. 
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ward nearly a century ago by Sir William Herschel. 
That thoughtful observer recognised in the solar photo- 
sphere a widely-extended layer of luminous clouds, 
while he regarded the light of the penumbrse of sun- 
spots as coming from a lower cloud-layer. He con- 
ceived that up-rushes of vapour, thrusting aside both 
layers, caused the appearance of a solar spot We have 
heard a great deal lately of the English and Conti- 
nental theories of the solar constitution ; but the 
evidence we have recently obtained goes far to show 
that, after all. Sir William Herschel, without the aid 
of spectroscope or polariscope, formed a juster view of 
the solar constitution than any which has been recently 
propounded. He was doubtless mistaken in the view 
(which he put forward as a mere hypothesis) that the 
real surface of the sun may be not very intensely 
heated. We have every reason to believe that the 
whole mass of the sun is raised to an inconceivable 
degree of heat. But for the rest, there seems far more 
reason to believe in Sir William Herschel's cloud- 
layer theory than in any other which has been put 
forward in recent times. 

Let us consider some of the consequences of such a 
constitution. Imagine the ascent of vapours of many 
elements from the fluid surface of the solar oceans. 
This mixed atmosphere is in reality aglow with the 
intensest heat and light, so that if we could examine 
its spectrum separately, we should see the bright lines 
of the various vaporous elements which constitute it. 
But intensely hot as it is, it must yet be less hot than 

G 2 
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the surface from which it has risen, because the forma- 
tion of vapour is a process in which heat is used up. 
And therefore, by a well-known law, the spectrum of 
the light from the white-hot surface shining through 
the atmosphere will be a rainbow-tinted streak, crossed 
by the dark lines corresponding to the various elements 
composing that atmosphere. But as the lighter vapours 
in this mixed atmosphere ascend, they reach a region 
of less pressure, and a region where they can part more 
freely with their heat. Thus, precisely as the cumulus 
clouds form in our own atmosphere, so would a layer 
of clouds be formed somewhat low down in the solar 
atmosphere. But from the upper surface of this layer 
the vapours of the elements composing the clouds would 
rise, again to condense at a higher level, much as the 
light cirrus clouds in our own atmosphere form at a 
great height above the layer of cumulus clouds. 

The great diflFerence between this process and what 
takes place in our own atmosphere would consist in 
the fact that whereas the only kind of cloud which can 
form in our air is a water-cloud, there can be formed in 
the solar atmosphere clouds of iron, copper, zinc, and 
other such elements, each element having its own 
distinct range, so to speak, within the limits of the 
solar atmosphere. 

Now with such processes as these going on, we can 
conceive how rushes of heated gas might from time to 
time thrust aside the cloud-layers ; and how where this 
happened we should occasionally recognise the bright 
lines corresponding to the more intensely heated gas, 
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as well as the dark lines corresponding to the deep 
vapour-masses laid bare by the removal of the photo- 
sphere. And precisely in this way do the observations 
recently made by Mr. Lockyer seem alone to be explic- 
able. He sees the glowing vapours above the photo- 
sphere stirred from time to time as by fierce tempests — 
nay, he is enabled to measure (very roughly, of course) 
the velocity with which these solar winds urge their 
way through the chromosphere itself, in the neighbour- 
hood of the spots. The progress of these hurricanes 
is often indicated by the appearance of bright lines in 
those parts of the spectrum where usually dark lines 
are seen. 

Truly Kirchhoff 's discovery of the significance of the 
spectral lines is bearing wonderful fruit ! Who would 
have thought that researches carried on with a few 
triangular prisms of glass on the light from such a 
substance as sodium, the basis of our commonplace 
soda, would lead to the result that solar tornadoes 
could be watched as readily with the spectroscope as 
in Galileo's time the sun-spots themselves could be 

traced across the sun's disc with the telescope?* 

(From the Spectator for July 2, 1870.) 

♦ I give this paper as it appeared in the Spectator, But there are 
some points requiring correction. In the first place, the objectionable 
word chroTnosphere (for chromatosphere) should be replaced by sierra. 
Secondly, there is an error as to the absolute priority of Secchi in 
recognising the sierra. He went considerably beyond all others in the 
matter, having not only reasoned upon, but seen and photographed the 
sierra, and having furthermore found evidence as to its nature when 
studying sun-spots. But Professors Grant and Swan, as well as Von 
Littrow, the Imperial Astronomer of Austria, had recognised the existence 
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GOVERNMENT AID TO SCIENCE. 

Among the questions which will occupy the attention 
of the new Parliament, we think we may safely include, 
in anticipation, the subject of State intervention to 
secure the progress of physical science.* It will be 
remembered that this subject was brought before the 
notice of the British Association, at its recent meeting, 
by Lieutenant- Colonel Strange, and a committee — in- 
cluding the names of Professors Sir William Thomson, 

of the sierra before Secchi, and Leverrier had also independently arrived 
at the same conclusion as Secchi, and at about the same time. I had not 
known of some of these claims and had forgotten others when I wrote 
the above paper. This will scarcely seem surprising when it is re- 
membered that the views of Grant, Swan, Von Littrow, and Leverrier 
had not been made widely public — as Secchi's had — by being published 
in popular treatises and in lectures. It was with some surprise, there- 
fore, that I found myself charged, not only with ignorance, but, incon- 
gruously enough, with injustice also, by a fellow-worker in astronomy, 
who addressed a letter to the editor of the Spectator^ advocating in 
needlessly warm terms the prior claims of Grant and Swan. It is 
perhaps unnecessary for me to say that the charge of injustice was 
wholly undeserved ; and I think the writer of the letter would have 
inferred this had he considered a parallel instance which had recently 
occurred. For a well-known worker had claimed the very same discovery 
only a few months before as his own ; and although the subject was 
specially his, he had not known even of Secchi's numerous public state- 
ments respecting the sierra, yet no one thought of charging him with 
injustice. The writer of the letter could scarcely have forgotten the 
circumstance, since that worker was no other than himself. 

* The reader need hardly be told that the hopes here expressed were 
completely disappointed. 
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Tyndall, Frankland, Williamson, Stokes, Fleming, 
Jenkins, Hirst, and Huxley, Messrs. Glaisher and 
Huggins, and Drs. Stenhouse, Balfour Stewart, and 
Mann — was appointed to consider and report upon the 
subject. Science has now reached a peculiar stage in 
that long and remarkable career of progress which was 
inaugurated towards the close of the sixteenth century. 
Hitherto those who have been able and willing to take 
part in scientific researches have had the means of 
doing so without incurring great expense, and many 
have even found it possible to do good and useful 
service in the cause of science while prosecuting, at the 
same time, the labours of their profession or trade. 
But now the case is very different. A man who would 
assist in forwarding the progress of science must give 
his whole energies to the cause ; he must be prepared 
to incur large expenses ; and all this he must do with- 
out the hope that science will make him any pecuniary 
return. Theoretically, indeed, it may be argued that 
he will labour best who hopes for no return for his 
labours ; who works, not for profit, but from pure 
love of science, and so on. But as a matter of fact, 
many of those who would serve science best, and 
hundreds of those who could do yeoman's service in her 
cause, are simply debarred from scientific pursuits by 
the necessity of earning the means of subsistence. 
And there are crowds of others who, though they may 
be independent in means, are yet unable to provide 
themselves with the expensive instruments by which 
alone any useful work can now be done. For, as 
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Colonel Strange observes, ^ Science can no longer be 
cultivated as in by-gone times it used to be. In 
astronomy the man with his table spy-glass cannot 
now furnish acceptable results. In chemistry, the 
Wollaston tea-tray and wine-glasses are superseded by 
well-equipped laboratories. In optics we see elaborate 
spectroscopes, not Newton's simple prism. In meteor- 
ology, and in every investigation of continuous pheno- 
mena, we are satisfied with nothing less than self- 
recording instruments. In electricity, in microscopy, 
and in other branches, our appliances are every day 
more and more amplified. The age of great discoveries 
made, and, above all, extensive series of facts accu- 
mulated with limited means, is passing away ; and we 
are every day compelled to employ more perfect 
appliances and more systematic agencies in unravelling 
the secrets of nature.' 

It is scarcely necessary to point out that the aid of 
the State in securing the progress of physical science 
is not asked without the promise of a quid pro quo. It 
is not as though the State were called upon to aid in 
antiquarian, or entomological, or numismatic researches, 
or in any subject of inquiry which, however interesting, 
has no practical bearing on the wants of daily life, or 
on the appliances by which the social state of man may 
be benefited and improved. Nor is it to secure the 
spread of scientific knowledge that State aid is called 
for, but to secure the progress of physical science. 
That that progress cannot fail to bring with it im- 
portant advantages to mankind it is almost needless to 
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assert. We have only to look around us to see what 
science has done for mankind. But those are best 
acquainted with the practical yalue of scientific know- 
ledge who are themselves engaged in scientific re- 
searches, or are at least proficient in scientific matters. 
Hundreds, for example, might see in the compKcated 
instruments which are to be found in the Greenwich 
Observatory nothing but ingenious applications for the 
solution of theoretical problems ; it is only astronomers, 
or those who are versed in the processes of astronomy, 
who know that our whole system of conmierce would 
be aflPected injuriously if those instruments were de- 
stroyed or left unused. Here we have an instance of 
science working under State patronage, working in 
the cause of the State; and what Colonel Strange 
proposes is to multiply instances of this sort. The 
State profits by the labours of the Greenwich astro- 
nomers, and those astronomers would for the most part 
be unable or unwilling to continue their labours but 
for the pecuniary reward which they receive from the 
State. But assuredly the State would suffer more 
than the astronomers if the establishment at Greenwich 
.were done away with. And precisely in the same way 
the State would reap important advantages from the 
labours of proficients ia other departments of science 
who are now debarred by considerations of expense, or 
by the necessity of earning a livelihood, from applying 
their skill to forward the cause of scientific progress. 

Colonel Strange's proposal includes the establish- 
ment of national institutions expressly for the practical 
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advancement of scientific research. He remarks that 
' men engaged in science need hardly be told that 
irhen they discover a new substance, the determination 
of the physical properties of which is attended with 
cost and labour, they experience a great — perhaps 
insuperable — difficulty in obtaining its examination. 
A new theory, or the confutation or confirmation of an 
old one, if dependent on any considerable accumulation 
of facts, shares even a worse fate.' Important benefits 
could not fail to result if difficulties such as these 
were removed from the paths of physical research, by 
the institution of bodies whose duty it would be to 
undertake, and complete in an accurate and systematic 
manner, costly and tedious investigations on which 

vast interests may be dependent. 

(From the Daily News for December 9, 1869.) 



AMERICAN ALMS FOR BRITISH SCIENCE.* 

Our astronomers have received an invitation which is 
as pleasing to them as men of science as it is painful 

* This was one of a series of articles which appeared in the Dmiy 
News during the months which followed the announcement that the 
British Government would give no aid to the eclipse expedition. To 
the liberality with which the Baily News gave space for these appeals 
may fairly be ascribed the fact that eventually the eclipse committ/ee 
was roused to something like energetic action. When the real state of 
the case became known to Government, ample assistance was rendered. 
The shortness of the time eventually left for preparation may be r^arded 
as accounting for subsequent seeming short-comings on the part of the 
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to them as Englishmen. As our readers know, sixty- 
eight persons had volunteered to go to Spain and Sicily 
to view the total eclipse of December 22 ; our scientific 
societies had voted large sums of money for the equip- 
ment of the two observing parties ; and everyone was 
certain that Government would supply the means of 
transport. But everyone was mistaken. The Admiralty 
discovered that the nation would assuredly disapprove if 
room were found for mere men of science and their trum- 
pery in any of Her Majesty's ships ; and accordingly, 
just when the extensive preparations requisite for the 
expeditions were in full progress, news came that the 
means of transport must be found by the observers 
themselves. We do not care here — we hardly have 
patience, indeed — to discuss the probable cause of a 
refusal so discreditable to the scientific repute of Eng- 
land. It had been announced by the Astronomer- 
Koyal (in connection with another matter), that Govern- 
ment would always be found liberal in scientific 
matters, if a suflScient cause were shown by persons 
in whom they had trust ; and we do not care to inquire 
whether the Astronomer-Royal was mistaken in this 
matter, or whether the Government declined to put 
trust in him or in the Presidents of our Astronomical 
and Royal Societies, or whether, lastly, the suflScient 
cause was not brought before the Government with 



Oiganising Committee ; while fortunately the zeal of the expeditionists 
averted the risk (which at one time seemed serious) that rather brusque 
usage would cause some of the most important members of the expedi- 
tions to withdraw their aid. 
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proper earnestness. Let the explanation be what it 
mavy the fact remains — England has been exhibited to 
all the nations as turning her back on science, and 
English men of science have been discredited before 
the world as unworthy of England's confidence. 

But now news comes that the Govemment of the 
United States has not only found means of trans- 
port for two American parties, but has made the 
handsome grant of 6,000/., to furnish suitable appli- 
ances for observing the eclipse. The American men 
of science have reached England. Thej recognise 
the pitiable condition to which our astronomers have 
been reduced by the Government, and they invite our 
sixty-eight volunteers to sail with them. A letter has 
been sent to these volunteers, inviting them, in the 
name of the American expeditionary parties, to accept 
this much-needed assistance. The ofier is most gene- 
rous ; it is most inviting ; it is one which no astronomer 
is justified in declining on account of sentimental coor 
siderations. But it certainly is a new and a painful 
position for an English man of science to be placed in^ 
thus to find scientific alms ofifered him as a reparation 
for the insult he has, in effect, received from his own 
Government 

Many may be disposed to wonder why so much in- 
terest is attached to this particular 'eclipse. During 
many former total eclipses — even when they have been 
visible at more conveiilently accessible stations — ^less 
care was taken to fit out expeditions. And what is 
even more to the point, observations have been made 
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on eclipse after eclipse, in former times, without adding 
jot or tittle to our knowledge of solar physics. But 
during recent eclipses things have altered. In 1860 
the celebrated ^ Himalaya Expedition ' sailed to Spain 
jfrom England ; while other parties came from France, 
Italy, and Germany. And though the old fault of 
wasting observing energy on matters already known 
or demonstrated prevailed very largely, yet De la Rue 
and Secchi, by photographing the eclipsed sun, well 
repaid the whole cost of these expeditions. In the 
great total eclipse of August 1868, Europe sent out 
many observing parties to India, and the great dis- 
covery that the red prominences seen round the totally 
eclipsed sun are masses of glowing vapour sufliciently 
repaid the cost. In August 1869, the Americans 
availed themselves right skilfully and worthily of the 
passage of the moon's shadow across their continent ; 
and though they failed in the main purpose they had 
set themselves, they made preliminary observations of 
the utmost importance and value. That purpose was 
to ascertain the nature of the glorious aureole of light 
seen around the sun during total eclipses; and it is 
with the same purpose that the expeditions formed for 
observing the present eclipse were to have set forth. 
The questions to be answered are full of interest, even 
now when their full significance is not known ; while it 
may well be that when we begin to have accurate in- 
formation about them, we shall find they have a real 
importance wholly unlocked for. As the last direct 
rays of the sun are concealed by the advancing moon, 
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there springs into view a glorious crown of coloured 
light — pearly white in parts^ faintly pink beyond, and 
at the extreme verge showing tints of mi^uve and 
violet and green — delicate and beautiful beyond de- 
scription. Through this coronal glory there extend 
rays of bluish- white light, reaching often to a vast dis- 
tance from the black disc of the moon. Commonly 
remaining unchanged in position, these rays sometimes 
— if all the narratives can be trusted — exhibit very 
obvious signs of motion, resembling in this respect 
those streamers of coloured light which we have lately 
so much admired in the aurora. Indeed, wonderful as 
it may seem, the corona has lately come to be regarded 
as associated in some way with the Aurora Borealis. 
We know that those auroral streamers which form so 
wonderful a display in our own skies are due to solar 
influences. In whatever way it may be brought about, 
certain it is that disturbances of the sun are reflected 
in teiTestrial auroral displays. The auroras which 
have occurred lately were predicted by astronomers, 
who know that the sun is undergoing during the 
present year disturbances of the most amazing nature. 
Solar spots, of various dimensions, have been counted 
by the hundred of late ; and we now know that when 
the sun is thus spotted our earth sympathises with the 
central orb. Thrilling from pole to pole in magnetic 
tremor, she spreads out over both hemispheres the 
auroral banners that indicate the progress of electric 
revolutions. The devices of her children for utilising 
her electric forces are for the time set at naught, and 
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the telegraph clerk finds for a while that Mother 
Earth is having her own way and will not obey his be- 
hests. If the sun, ninety millions of miles away from 
us, thus affects the earth's frame, and thus illuminates 
terrestrial skies, it need not be greatly wondered at 
should it be proved that he illuminates with no dis- 
similar light the regions lying more closely around him. 
If there are no planets like our earth in these regions, 
no large bodies on which the sun can exert his incon- 
ceivable powers, there are yet in these spaces — unless 
astronomers are at fault — uncounted millions of minute 
bodies, those tiny ^ pocket-planets ' which pass at times 
through our own atmosphere, and are called by us 
falling stars, or meteors. Amongst these tiny bodies 
auroral gleams may pass, producing by their united 
lustre the glories of the solar corona. 

But whether this view be just, or whether, as Mr. 
Lockyer holds, the corona is only a phenomenon of our 
own air, or is due (as the fanciful M. Faye once 
thought of the coloured prominences) to some sort of 
lunar mirage, certain it is that just now it is a matter 
of extreme interest that further observations should be 
made. Undoubtedly, what we have lately learned re- 
specting the sun gives an interest and importance to 
this matter of the solar corona which it never before 
possessed. Yet this is the problem respecting which 
our Government is understood to have said to astro- 
nomers, * As far as we can, we will prevent you from 
solving it.' 

Truly it would be difficult to show that any material 
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profit can be gained bj solving the problems associated 
with the solar corona. The tree of science has its 
blossoms as well as its fruits, and perhaps the results 
of the observations we are advocating will belong to 
the former rather than the latter. But what then? 
Can we limit science to remunerative researches alone ? 
As well might we attempt to get fruit from a tree 
whose leaves and blossoms we systematicallj plucked 
off. Latent though the power of science now is in 
great part, yet science is the greatest power our country 
possesses. It has been treated for a long while as a 
troublesome beggar — a few hundreds doled out here 
and a few thousands there. The country does not yet 
know its own interest. Because little has been asked, 
it has thought little could be returned. The time is 
coming when not hundreds or thousands will be asked 
for science, but millions freely and eagerly given — 
when the example of other countries, rapidly passing 
in advance of England through their scientific resources, 
will force on our attention the folly of a system which 
grants thirty millions yearly to secure the means of 
carrying on war, and refuses a few paltry thousands to 
secure the noblest portion of our strength. 

(From the Daily News for November 5, 1870.) 
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If an astronomer upon some distant planet has ever 
thought the tiny orb we inhabit worthy of telescopic 
study, there can be Kttle doubt that the snowy regions 
which surround the arctic and antarctic poles must have 
attracted a large share of his attention. Waxing and 
waning with the passing seasons, those two white patches 
afford significant intelligence respecting the circum- 
stances of our planet's constitution. They mark the 
direction of the imaginary axial line upon which the 
planet rotates ; so that we can imagine how an astro^ 
nomer on Mars or Venus would judge from their posi- 
tion how it fares with terrestrial creatures. There may, 
indeed, be Martial Whewells who laugh to scorn the 
notion that a globe so inconveniently circumstanced 
as ours can be inhabited, and are ready to show that if 
there were living beings here they must be quickly 
destroyed by excessive heat. On the other hand, there 
are doubtless sceptics on Venus also who smile at the 
vanity of those who can conceive a frozen world, such 
as this our outer planet, to be inhabited by any sort 
of livins: creature. But we doubt not that the more ad- 
vanced thinkers both in Mars and Venus are ready to 
admit that, though we must necessarily be far inferior 
beings to themselves, we yet manage to ^ live and move 
and have our being' on this ill-conditioned globe of 
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ours. And these, observing the earth's polar snow-caps, 
must be led to several Important conclusions respecting 
physical relations here. 

It is, indeed, rather a singular fact to contemplate, 
that ex-terrestrial observers, such as these, may know 
much more than we ourselves do respecting those mys- 
terious regions which lie close around the two poles. 
Their eyes may have rested on spots which with all our 
endeavours we have hitherto failed to reach. Whether, 
as some have thought, the arctic pole is in sununer 
surrounded by a wide and tide-swayed ocean ; whether 
there lies around the antarctic pole a wide continent 
bespread with volcanic mountains larger and more 
energetic than the two burning cones which Ross found 
on the outskirts of this desolate region ; or whether the 
habitudes prevailing near either pole are wholly diflfer- 
ent from those suggested by geographers and voyagers 
— such questions as these might possibly be resolved 
at once, could our astronomers take their stand on some 
neighbouring planet, and direct the searching power of 
their telescopes upon this terrestrial orb. For this }& 
one of those cases referred to by Humboldt^ when he 
said that there are circumstances under which man is 
able to learn more respecting objects millions of miles 
away from him than respecting the very globe which 
he inhabits. 

If we take a terrestrial globe, and examine the actual 
region near the North Pole which has as yet remained 
unvisited by man, it will be found to be far smaller than 
most people are in the habit of imagining. In nearly 
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all maps the requirements of charting result in a con- 
siderable exaggeration of the polar regions. This is 
the case in the ordinary ^ maps of the two hemispheres ' 
which are to be found in all atlases. And it is> of 
course, the case to a much more remarkable extent in 
what is termed Mercator's projection. In a Mercator's 
chart we see Greenland, for example, exaggerated into 
a continent fully as large as South America, or to seven 
or eight times its real dimensions. 

There are three principal directions in which ex- 
plorers have attempted to approach the North Pole. 
The first is that by way of the sea which lies between 
Greenland and Spitzbergen. We include under this 
head Sir Edward Parry's attempt to reach the pole by 
crossing the ice-fields which lie to the north of Spitz- 
bergen. The second is that by way of the straits 
which lie to the west of Greenland. The third is that 
pursued by Russian explorers who have attempted to 
cross the frozen seas which surround the northern shores 
of Siberia. 

In considering the limits of the unknown north-polar 
regions, we shall also have to take into account the 
voyages which have been made around the northern 
shores of the American continent in the search for a 
^north-western passage.' The explorers who set out 
upon this search found themselves gradually forced to 
seek higher and higher latitudes if they would find a 
way round the complicated barriers presented by the 
ice-bound straits and islands which lie to the north of 
the American continent. And it may be noticed in 
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passings as a remarkable and unforeseen circumstance, 
that the farther north the voyagers went the less severe 
was the cold they had to encounter. We shall see that 
this circumstance has an important bearing on the con- 
siderations we shall presently have to deal with. 

One other circumstance respecting the search for the 
north-west passage, though not connected very closely 
with our subject, is so singular and so little known that 
we feel tempted to make mention of it at this point. 
The notion with which the seekers after a north-west 
passage set out was simply this, that the easiest way of 
reaching China and the East Indies was to pursue a 
course resembling as nearly as possible that on which 
Columbus had set out — if only it should appear that 
no impassable barriers rendered such a course imprac- 
ticable. They quickly found that the American conti- 
nents present an unbroken line of land from high 
northern latitudes far away towards the antarctic seas. 
But it is a circumstance worth noticing, that if the 
American continents had no existence, the direct 
westerly course pursued by Columbus was not only not 
the nearest way to the East Indian Archipelago, but 
was one of the longest routes which could possibly have 
been selected. Surprising as it may seem at first sight, 
a voyager from Spain for China and the East Indies 
ought, if he sought the absolutely shortest path, to set 
out on an almost direct northerly route ! He would 
pass close by Ireland and Iceland, and so, near the 
North Pole, and onwards into the Pacific. This is 
what is called the great-circle route ; and if it were only 
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a practicable one, would shorten the course to China by 
many hundreds of miles. 

Let us return, however, to the consideration of the 
information which arctic voyagers have brought us 
concerning the north-polar regions. 

The most laborious researches in arctic seas are those 
which have been carried out by the searchers after a 
north-west passage. We will therefore first consider 
the limits of the unknown region in this direction. 
Afterwards we can examine the results of those voy- 
ages which have been undertaken with the express 
purpose of reaching the North Pole along the three 
principal routes already mentioned. 

If we examine a map of North America constructed 
in recent times, we shall find that between Greenland 
and Canada an immense extent of coast-line has been 
charted. A vast archipelago covers this part of the 
northern world. Or, if the strangely-complicated coast- 
lines which have been laid down really belong to 
but a small number of islands, the figures of these must 
be of the most fantastic kind. Towards the north-west, 
however, we find several islands whose outlines have 
been entirely ascertained. Thus we have in succession 
North Devon Island, Comwallis Island, Melville Island, 
and Port Patrick Island, all lying north of the seventy- 
fifth parallel of latitude. But we are not to suppose 
that these islands limit the extent of our seamen's re- 
searches in this direction. Far to the northward of 
Wellington Channel, Captain de Haven saw, in 1852, 
the signs of an open sea — in other words, he saw, 
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beyond the ice-fields, what arctic seamen call a * water- 
sky.' In 1855 Captain Penny sailed upon this open 
sea ; but how far it extends towards the North Pole 
has not yet been ascertained. 

It must not be forgotten that the north-west passage 
has been shown to be a reality, by means of voyages 
from the Pacific as well as from the Atlantic. No arctic 
voyager has yet succeeded in passing from one ocean 
to the other. Nor is it likely now that any voyager 
will pursue his way along a path so beset by dangers 
as that which is called the north-west passage. Long 
before the problem had been solved, it had become well 
known that no profit could be expected to accrue to 
trade from the discovery of a passage along the 
perilous straits and the ice-encumbered seas which lie 
to the north of the American continent. But Sir 
Edward Parry having traced out a passage as far as 
Melville Island, it seemed to the bold spirit of our arctic 
explorers that it might be possible, by sailing through 
Behring's Straits, to trace out a connection between 
the arctic seas on that side and the regions reached by 
Parry. Accordingly, M^Clure, in 1850, sailed in the 
^ Investigator,' and passing eastward, after traversing 
Behring's Straits, reached Baring's Land, and eventu- 
ally identified this land as a portion of Banks' Land, 
seen by Parry to the southward of Melville Island. 

It will thus be seen that the unexplored parts of the 
arctic regions are limited in this direction by suffi- 
ciently high latitudes. 

Turn we next to the explorations which Kussian 
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voyagers have made to the northward of Siberia. It 
must be noticed, in the first place, that the coast of 
Siberia runs much farther northward than that of the 
American continent. So that on this side, indepen- 
dently of sea explorations, the unknown arctic regions 
are limited within very high latitudes. But attempts 
have been made to push much farther north from 
these shores. In every case, however, the voyagers 
have found that the ice-fields, over which they hoped 
to make their way, have become gradually less and 
less firm, until at length no doubt could remain that 
there lay an open sea beyond them. How far that 
sea may extend is a part of the secret of the North 
Pole ; but we may assume that it is no narrow sea, 
since otherwise there can be little doubt that the ice- 
fields which surround the shores of Northern Siberia 
would extend unbroken to the farther shores of what 
we should thus have to recognise as a strait. The 
thinning-off of these ice-fields, observed by Baron 
Wraijgel and his companions, affords, indeed, most 
remarkable and significant testimony respecting the 
nature of the sea which lies beyond. This we shall 
presently have to exhibit more at length ; in the 
meantime we need only remark that scarcely any 
doubt can exist that the sea thus discovered extends 
northward to at least the eightieth parallel of latitude. 
We may say, then, that from Wellington Channel, 
northward of the American continent, right round 
towards the west, up to the neighbourhood of Spitz- 
bergen, very little doubt exists as to the general 
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characteristics of arctic regions, save only as respects 
those unexplored parts which lie within ten or twelve 
degrees of the North Pole. The reader will see 
presently why we are so careful to exhibit the limited 
extent of the unexplored arctic regions in this direc- 
tion. The guess we shall form as to the true nature 
of the north-polar secret will depend almost entirely 
on this consideration. 

We turn now to those two paths along which arctic 
exploration, properly so termed, has been most suc- 
cessfully pursued. 

It is chiefly to the expeditions of Drs. Kane and 
Hayes that we owe the important knowledge we have 
respecting the northerly portions of the straits which 
lie to the west of Greenland. Each of these ex- 
plorers succeeded in reaching the shores of an open 
sea lying to the north-east of Kennedy Channel, the 
extreme northerly limit of those straits. Hayes, who 
had accompanied Kane in the voyage of 1854-5,' 
succeeded in reaching a somewhat higher latitude in 
sledges drawn by Esquimaux dogs. But both expe- 
ditions agree in showing that the shores of Greenland 
trend oflT suddenly towards the east at a point within 
some nine degrees of the North Pole. On the other 
hand, the prolongation of the opposite shore of 
Kennedy Channel was found to extend northwards 
as far as the eye could reach. Within the angle thus 
formed there was an open sea * rolling,' says Captain 
Maury, * with the swell of a boundless ocean.' 

But a circumstance was noticed respecting this sea 
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which was very significant. The tides ebbed and 
flowed in it Only one fact we know of— a fact to 
be presently discussed — ^throws so much light on the 
question we are considering as this circumstance does. 
Let us consider a little whence these tidal waves can 
have come. 

The uarrow straits between Greenland on the one 
side, and EUesmere Land and Grinnell Land on the 
other, are completely ice-bound. We cannot suppose 
that the tidal wave could have found its way beneath 
such a barrier as this. * I apprehend,' says Captain 
Maury, * that the tidal wave from the Atlantic can 
no more pass under this icy barrier, to be propagated 
in the seas beyond, than the vibrations of a musical 
string can pass with its notes a fret on which the 
musician has placed his finger.' 

Are we to suppose, then, that the tidal waves were 
formed in the very sea in which they were seen 
by Kane and Hayes? This is Captain Maury's 
opinion : — ^ These tides,' says he, ^ must have been 
bom in that cold sea, having their cradle about the 
North Pole.' 

But if we carefully consider the theory of the tides. 
this opinion seems inadmissible. Every considera- 
tion on which that theory is founded is opposed 
to the assumption that the moon could by any pos- 
sibility raise tides in an arctic basin of limited extent. 
It would be out of place to examine at length the 
principle on which the formation of tides depends. It 
will be sufficient for our purposes to remark that it is 
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not to the mere strength of the moon's ' pull ' upon 
the waters of any ocean that the tidal wave owes its 
origin, but to the difference of the forces by which 
the various parts of that ocean are attracted. The 
whole of an ocean cannot be raised at once by the 
moon ; but if one part is attracted more than another^ 
a wave is formed. That this may happen^ the ocean 
must be one of wide extent. In the vast seas which 
surround the Southern Pole there is room for an 
immensely powerful ^ drag,' so to speak ; for always 
there will be one part of these seas much nearer to 
the moon than the rest, and so there will be an appre- 
ciable difference of pull upon that part. 

The reader will now see why we have been so 

■ 

careful to ascertain the limits of the supposed north- 
polar ocean, in which, according to Captain Maury, 
tidal waves are generated. To accord with his views, 
this ocean must be surrounded on all sides by impass- 
able barriers either of land or ice. These barriers, 
then, must lie to the northward of the regions yet 
explored, for there is open sea communicating with 
the Pacific all round the north of Asia and America. 
It only requires a moment's inspection of a terrestrial 
globe to see how small a space is thus left for Captain 
Maury's land-locked ocean. We have purposely left 
out of consideration, as yet, the advances made by 
arctic voyagers in the direction of the sea which 
lies between Greenland and Spitzbergen. We shall 
presently see that on this side the imaginary land- 
locked ocean must be more limited than towards the 
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shores of Asia or America. As it is, however, it 
remains clear, that if there were any ocean commu- 
nicating with the spot reached by Dr. Kane, but 
separated from all communication — ^by open water — 
either with the Atlantic or with the Pacific, that 
ocean would be so limited in extent that the moon's 
attraction could exert no more effective influence upon 
its waters than upon the waters of the Mediterranean 
— where, as we know, no tides are generated. This, 
then, would be a tideless ocean, and we must look 
elsewhere for an explanation of the tidal waves seen 
by Dr. Kane. 

We thus seem to have primd facie evidence that the 
sea reached by Kane communicates either with the 
Pacific or with the Atlantic, or — which is the most 
probable view — with both those oceans. When we 
consider the voyages which have been made towards 
the North Pole along the northerly prolongation of 
the Atlantic Ocean, we find very strong evidence in 
favour of the view that there is open-water cominuni- 
cation in this direction, not only with the spot reached 
by Kane, but with a region very much nearer to the 
North Pole. 

So far back as 1607, Hudson had penetrated within 
eight and a half degrees (or about 600 miles) of the 
North Pole on this route. When we consider the 
clumsy build and the poor sailing qualities of the 
ships of Hudson's day, we cannot but feel that so 
successful a journey marks this route as one of the 
most promising ever tried. Hudson was not turned 
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back by impassable barriers of land or ice, but by 
the serious dangers to which the floating masses of ice, 
and the gradually thickening ice-fields exposed his 
weak and ill-manned vessel. Since his time, others 
have sailed upon the same track, and hitherto with no 
better success. It has been reserved to the Swedish 
expedition of last year to gain the highest latitudes 
ever reached in a ship in this direction. The steam- 
ship * Sofia,' in which this successful voyage was 
made, was strongly built of Swedish iron, and ori- 
ginally intended for winter voyages in the Baltic. 
Owing to a number of delays, it was not until Sep- 
tember 16 that the * Sofia ' reached the most northerly 
part of her journey. This was a point some fifteen 
miles nearer the North Pole than Hudson had reached. 
To the north there still lay broken ice, but packed so 
thickly that not even a boat could pass through it. 
So late in the season, it would have been unsafe to 
wait for a change of weather and a consequent breakings 
up of the ice. Already the temperature had sunk six- 
teen degrees below the freezing-point ; and the enter- 
prising voyagers had no choice but to return. They 
made, indeed, another push for the north a fortnight 
later, but only to meet with a fresh repulse. An ice- 
bJock with which they came into collision opened a 
large leak in the vessel's side ; and when after great 
exertions they reached the land, the water already 
stood two feet over the cabin floor. In the course of 
these attempts, the depths of the Atlantic were 
sounded, and two interesting facts were revealed. 
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The first was that the island of Spitzbergen is con- 
nected with Scandinavia by a submarine bank; the 
second was the circumstance that to the north and 
west of Spitzbergen the Atlantic is more than two 
miles deep ! 

We come now to the most conclusive evidence yet 
afforded of the extension of the Atlantic Ocean 
towards the immediate neighbourhood of the North 
Pole. Singularly enough, this evidence is associated 
not with a sea- voyage, nor with a voyage across ice 
to the borders of some northern sea, but with a journey 
during which the voyagers were throughout sur- 
rounded as far as the eye could reach by apparently 
fixed ice-fields. 

In 1827 Sir Edward Parry was commissioned by 
the English Government to attempt to reach the 
North Pole. A large reward was promised in case 
he succeeded, or even if he could get within five 
degrees of the North Pole. The plan which he 
adopted seemed promising. Starting from a port in 
Spitzbergen, he proposed to travel as far northward 
as possible in sea-boats, and then, landing upon the 
ice, to prosecute his voyage by means of sledges. 
Few narratives of arctic travel are more interesting 
than that which Parry has left of this famous * boat- 
and-sledge' expedition. The voyagers were terribly 
harassed by the difficulties of the way ; and, after a 
time, that most trying of all arctic experiences, the 
bitterly cold wind which comes from out the dreadful 
north, was added to their trials. Yet still they 
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plodded steadily onwards, tracking their way over 
hundreds of miles of ice with the confident expecta- 
tion of at least attaining to the eighty-fifth parallel^ if 
not to the Pole itself. 

But a most grievous disappointment was in store 
for them. Parry began to notice that the astronomical 
observation by which in favourable weather he esti- 
mated the amount of their northerly progress, showed 
a want of correspondence with the actual rate at 
which they were travelling. At first he could hardly 
believe that there was not some mistake ; but at 
length the unpleasing conviction was forced upon him 
that the whole ice-field over which he and his com- 
panions had been toiling so painfully was setting 
steadily southwards before the wind. Each day the 
extent of this set became greater and greater, until at 
length they were actually carried as fast towards the 
south as they could travel northward. 

Parry deemed it useless to continue the struggle. 
There were certainly two chances in his favour. It 
was possible that the north wind might cease to blow, 
and it was also possible that the limit of the ice might 
soon be reached, and that his boats might travel easily 
northward upon the open sea beyond. But he had 
to consider the exhausted state of his men, and the 
great additional danger to which they were subjected 
by the movable nature of the ice-fields. If the ipe 
should break up, or if heavy and long-continued 
southerly winds should blow, they might have found it 
very difficult to regain their port of refuge in Spitz- 
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bergen before winter set in or their stores were 
exhausted. Besides, there were no signs of water in 
the direction they had been taking. The water-sky 
of arctic regions can be recognised by the experienced 
seamen long before the open sea itself is visible. On 
every side, however, there were the signs of widely- 
extended ice-fields. It seemed, therefore, hopeless to 
persevere, and Parry decided on returning with all 
possible speed to the haven of refuge prepared for the 
party in Spitzbergen. He had succeeded in reaching 
the highest northern latitudes ever yet attained by 
man. 

The most remarkable feature of this expedition, 
however, is not the high latitude which the party 
attained, but the strange circumstance which led to 
their discomfiture. What opinion are we to form of 
an ocean at once wide and deep enough to float an 
ice-field which must have been thirty or forty thou- 
sand square miles in extent? Parry had travelled 
upwards of three hundred miles across the field, and 
we may fairly suppose that he might have travelled 
forty or fifty miles farther without reaching open 
water ; also that the field extended fully fifty miles on 
each side of Parry's northerly track. That the whole 
of so enormous a field should have floated freely before 
the arctic winds is indeed an astonishing circumstance. 
On* every side of this floating ice-island there must 
have been seas comparatively free from ice ; and could 
a stout ship have forced its way through these seas, the 
latitudes to which it could have reached would have 
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been far higher than those to which Parry's party was 
able to attain. For a moment's consideration will 
show that the part of the great ice-field where Parry 
was compelled to turn back must have been floating 
in far higher latitudes when he first set out. He 
reckoned that he had lost more than a hundred miles 
through the southerly motion of the ice-field, and by 
this amount, of course, the point he reached had been 
nearer the Pole. It is not assimiing too much to 
say that a ship which could have forced its way round 
the great floating ice-field would certainly have been 
able to get within four degrees of the Pole. It seems 
to us highly probable that she would even have been 
able to sail upon open water to and beyond the Pole 
itself. 

And when we remember the direction in which Dr. 
Kane saw an open sea — namely, towards the very 
region where Parry's ice-ship had floated a quarter of 
a century before — it seems reasonable to conclude that 
there is open-water conununication between the seas 
which lie to the north of Spitzbergen and those which 
lave the north-western shores of Greenland. If this 
be so, we at once obtain an explanation of the tidal 
waves which Kane watched day after day in 1855. 
These had no doubt swept along the valley of the 
Atlantic, and thence around the northern coast of 
Greenland. It follows that, densely as the ice may 
be packed at times in the seas by which Hudson, 
Scoresby, and other captains have attempted to reach 
the North Pole, the frozen masses must in reality be 
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floating freely, and there must therefore exist channels 
through which an adventurous seaman might manage 
to penetrate 'the dangerous barriers surrounding the 
polar ocean. 

In such an expedition, chance unfortunately plays a 
large part. Whalers tell us that there is great uncer- 
tainty as to the winds which may blow during an 
arctic sununer. The icebergs may be crowded by 
easterly winds upon the shores of Greenland, or by 
westerly winds upon the shores of Spitzbergen, or, 
lastly, the central passage may be the most encum- 
bered, through the eflfects of winds blowing now from 
the east and now from the west. Thus the arctic 
voyager has not merely to take his chance as to the 
route along which he shall adventure northwards, but 
often, after forcing his way successfully for a consider- 
able distance, he finds the ice-fields suddenly closing 
in upon him on every side, and threatening to crush 
his ship into fragments. The irresistible power with 
which, under such circumstances', the masses of ice 
bear down upon the stoutest ship has been evidenced 
again and again; though, fortunately, it not unfre- 
quently happens that some irregularity along one side 
or the other of the closing channel serves as a sort of 
natural dock, within which the vessel may remain in 
comparative safety until a change of wind sets her free. 
Instances have been known in which a ship has had so 
narrow an escape in this way, and has been subjected 
to such an enormous pressure, that when the channel 
has opened out again, the impress of the ship's side has 

I 
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been seen distinctly marked upon the massive blocks 
of ice which have pressed against her. 

Notwithstanding the dangers and difficulties of the 
attempt, and the circumstance that no material gains 
can reward the explorer, it seems not unlikely that 
before many months are passed the North Pole will 
have been reached. Last year two bold attempts were 
made — one by the Swedes, as already mentioned, the 
other by German men of science. In each case the 
result was so far successful as to give good promise for 
future attempts. This year both these nations will 
renew their attack upon the interesting problem. The 
German expedition will consist of two vessels, the * Ger- 
mania' and the ^Greenland.' The former is a screw- 
steamer of 126 tons, and well adapted to encounter the 
buffets of the ice-masses which are borne upon the 
arctic seas. The other is a sailing yacht of 80 tons, 
and is intended to act as a transport-ship, by means of 
which communication may be kept up with Europe. 
The ^Germania' will probably winter in high northern 
latitudes; and we should not be much surprised if 
before her return she should have been carried to the 
very Pole. Nor can the prospects of the Swedish 
expedition be considered less promising, when we re- 
member that last year, though hampered by the late- 
ness of the season and other difficulties, they succeeded 
in approaching the Pole within a distance only a few 
miles greater than that which separated Parry from 
the Pole in 1829. 

Certainly England has reason to fear that before 
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the year 1870 has closed she will no longer be able to 
claim that her flag has approached both Poles more 
nearly than the flag of any other nation. There are 
considerations which make the recent supineness of 
our country in the matter of arctic travel much to be 
regretted. In the winter of 1874 there will .occur 
one of those interesting phenomena by which Nature 
occasionally teaches men useful lessons respecting her 
economy. We refer to the transit of Venus on 
December 8 in that year. One of the most effec- 
tive modes of observing this transit will require 
that a party of scientific men should penetrate far 
within the recesses of the desolate Antarctic Circle. 
Where are the trained arctic seamen to be found who 
will venture upon this service? Most of our noted 
arctic voyagers have earned their rest ; and, as Com- 
mander Davis said at a recent meeting of the Geogra- 
phical Society, those who go for the first time into the 
arctic or antarctic solitudes are too much tried by the 
effects of the new experience to be fit to undertake 
important scientific labours. He spoke with special 
reference to the transit of 1882, for the observation of 
which there is (I have lately shown) small occasion to 
employ arctic voyagers. It is just possible that for the 
transit of 1874 trained explorers belonging to the old 
school of arctic travel may still be found. But if not, 
no time should be lost in supplying the deficiency. I 
have shown within the last few months that journeys to 
the antarctic regions will be required for this transit, 
and not for the later transit (as had been supposed). 

I 2 
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The Astronomer-Royal has expressed his desire that the 
discovery may be rendered available by suitable expe- 
ditions. * Every series of observations/ he remarks, 
' which can really be brought to bear upon this im- 
portant determination will be valuable.' Therefore, for 
this reason alone, and even if the reputation of England 
in the matter of arctic travel were altogether worthless, 
it would be well that eflforts should quickly be made 
to prepare crews and commanders for the work of 1874, 
by ^sending them to school,' as Commander Davis ex- 
pressed it, * in the arctic seas.' 

• (From St. PauTs, June 1869.) 



IS THE GULF STREAM A MYTHf 

The Gulf Stream has recently attracted a large share 
of the attention of our men of science. The abnormal 
character of the weather which we experienced last 
winter has had something to do with this. The in- 
fluence of the Gulf Stream upon our climate, and the 
special influence which it is assumed to exercise in miti- 
gating the severity of our winters, have been so long 
recognised that meteorologists began to enquire what 
changes could be supposed to have taken place in the 
great current to account for so remarkable a winter as 
the last. But it happened also that at a meeting of the 
Royal Geographical Society early in the present year 
the very existence of the Gulf Stream was called in 
question, just when meteorologists were disposed to 
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assign to it effects of unusual importance. And in 
the course of the discussion whether there is in truth 
a Gulf Stream — or rather whether our shores are 
visited by a current which merits such a name — a 
variety of interesting facts were adduced, which were 
either before unknown or had attracted little attention. 
As at a recent meeting of the same society these doubts 
have been renewed, we propose to examine briefly, in 
the first place, a few of the considerations which have 
been urged against the existence of a current from the 
Gulf of Mexico to the neighbourhood of our shores ; 
and then, having rehabilitated the reputation of this 
celebrated ocean river — as we believe we shall be able 
to do — we shall proceed to give a brief sketch of the 
processes by which the current-system of the North 
Atlantic is set and maintained in motion. 

In reality the Gulf Stream is only a part of a sys- 
tem of oceanic circulation ; but in dealing with the 
arguments which have been urged against its very 
existence, we may confine our attention to the fact 
that, according to the views which had been accepted 
for more than a century, there is a stream of water 
which, running out of the Gulf Stream through the 
Narrows of Bemini, flows along the shores of the 
United States to Newfoundland, and thence right 
across the Atlantic to the shores of Great Britain. 
It is this last fact which is now called in question. 
The existence of a current as far as the neighbour- 
hood of Newfoundland is conceded, but the fact that 
the stream flows onward to our shores is denied. 
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The point on which most stress is placed is the 
shallowness of the passage called the * Bernini Narrows,' 
through which it is assumed that the whole of the Gulf 
current must pass. This passage has a width of about 
forty miles, and a depth of little more than six hundred 
yards. The current which flows through it is perhaps 
little more than thirty miles in width, and a quarter of 
a mile in depth. It is asked with some appearance of 
reason, how this narrow current can be looked upon as 
the parent of that wide stream which is supposed to 
traverse the Atlantic with a mean width of some five 
or six hundred miles. Indeed, a much greater width 
has been assigned to it, though on mistaken grounds ; 
for it has been remarked that since waifs and strays 
from the tropics are found upon the shores of Portugal, 
as well as upon those of Greenland, we must ascribe 
to the current a span equal to the enormous space 
separating these places. But the circumstance here 
dwelt upon can clearly be explained in another way. 
We know that of two pieces of wood thrown into the 
Thames at Richmond, one might be picked up at 
Putney, and the other at Gravesend. Yet we do not 
conclude that the width of the Thames is equal to the 
distance separating Putney from Gravesend. And 
doubtless the tropical waifs which have been picked up 
on the shores of Greenland and of Portugal have 
found their way thither by circuitous courses, and not 
by direct transmission along opposite edges of the 
great Gulf current. 

But certainly the diflSculty associated with the nar- 
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rowness of the Bernini current is one deserving of 
careful attention. Are we free to identify a current 
six hundred miles in width with one which is but thirty 
miles wide, and not very deep ? An increase of width 
certainly not less than thirtyfold would appear to cor- 
respond to a proportionate diminution of depth. And 
remembering that it is only near the middle of the 
Narrows that the Gulf Stream has a depth of four 
hundred yards, we could scarcely assign to the wide 
current in the mid- Atlantic a greater depth than ten 
or twelve yards. This depth seems altogether out of 
proportion to the enormous lateral extension of the 
current. 

But besides that even this consideration would not 
suffice to disprove the existence of a current in the 
mid- Atlantic, an important circumstance remains to be 
mentioned. The current in the Narrows flows with 
great velocity, — certainly not less than four or five miles 
an hour. As the current grows wider it flows more 
sedately ; and opposite Cape Hatteras its velocity is 
already reduced to little more than three miles an hour. 
In the mid- Atlantic the current may be assumed to 
flow at a rate little exceeding a mile per hour, at the 
outside. Here, then, we have a circumstance which 
suffices to remove a large part of the difficulty arising 
from the narrowness of the Bemini current, and we can 
at once increase our estimate of the depth of the mid- 
Atlantic current fivefold. 

But this is not all. It has long been understood 
that the current which passes out through the Narrows 
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of Bemini corresponds to the portion of the great 
equatorial current which passes into the Gulf of Mexico 
between the West Indian Islands. We cannot doubt 
that the barrier formed by those islands serves to 
divert a large portion of the equatorial current. The 
portion thus diverted finds its way, we may assume, 
along the outside of the West Indian Archipelago, 
and thus joins the other portion — which has in the 
meantime made the circuit of the Gulf — as it issues 
from the Bemini Straits. All the maps in which the 
Atlantic currents are depicted present precisely such 
an outside current as we have here spoken of, and 
most of them assign to it a width exceeding that of 
the Bemini current. Indeed, were it not for the doubts 
which the recent discussions have thrown upon all the 
currents charted by seamen, we should have been con- 
tent to point to this outside current as shown in the 
maps. As it is, we have thought it necessary to show 
that such a current must necessarily have an existence, 
since we cannot lose sight of the influence of the West 
Indian Isles in partially damming up the passage along 
which the equatorial current would otherwise find its 
way into the Gulf of Mexico. Whatever portion of 
the great current is thus diverted must find a passage 
elsewhere, and no passage exists for it save along the 
outside of the West Indian Isles. 

The possibility that the wide current which has 
been assumed to traverse the mid-Atlantic may be as- 
sociated with the waters which flow from the Gulf of 
Mexico, either through the Narrows or round the out- 
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side of the barrier formed by the West Indies, has 
thus been satisfactorily established. But we now have 
to consider difficulties which have been supposed to 
encounter our current on its passage from the Gulf to 
tlie mid-Atiantic. 

Northwards, along the shores of the United States, 
the current has been traced by the singular blueness 
of its waters until it has reached the neighbourhood of 
Newfoundland. Over a part of this course, indeed, 
the waters of the current are of indigo blue, and so 
clearly marked that their line of junction with the 
ordinary sea-water can be traced by the eye. ' Often,' 
says Captain Maury, * one-half of a vessel may be 
perceived floating in Gulf-Stream water, while the 
other half is in common water of the sea — so sharp is 
the Une, and such the want of affinity between the 
waters, and such, too, the reluctance, so to speak, on 
the part of those of the Gulf Stream to mingle with 
the littoral waters of the sea.' 

But it is now denied that there is any current be- 
yond the neighbourhood of Newfoundland — or that 
the warm temperature, which has characterised the 
waters of the current up to this point, can be detected 
farther out. 

It is first noticed that, as the Gulf current must 
reach the neighbourhood of Newfoundland with a 
north-easterly motion, and, if it ever reached the shores 
of the British Isles, would have to travel thither with 
an almost due easterly motion, there is a change of 
direction to be accounted for. This, however, is an 
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old, and we had supposed exploded, fallacy. The 
course of the Gulf Stream from the Bemini Straits to 
the British Isles corresponds exactly with that which 
is due to the combined effects of the motion of the 
water and that of the earth upon its axis. Florida being 
much nearer than Ireland to the equator, has a much 
more rapid easterly motion. Therefore, as the current 
gets farther and farther north, the effect of the easterly 
motion thus imparted to it begins to show itself 
more and more, until the current is gradually changed 
from a north-easterly to an almost easterly stream. 
The process is the exact converse of that by which the 
air- currents from the north gradually change into the 
north-westerly trade- winds as they get farther south. 

But it is further remarked that as the current 
passes out beyond the shelter of Newfoundland, it is 
impinged upon by those cold currents from the arctic 
seas which are known to be continually flowing out of 
Baffin's Bay and down the eastern shores of Greenland; 
and it is contended that these currents suffice, not merely 
to break up the Gulf current, but so to cool its waters 
that these could produce no effect upon the climate of 
Great Britain if they ever reached its neighbourhood. 

Here, again, we must remark that we are dealing 
with no new discovery. Captain Maury has already 
remarked upon this peculiarity. * At the very season 
of the year,' he says, ^ when the Gulf Stream is rush- 
ing in greatest volume through the Straits of Florida, 
and hastening to the north with the greatest rapidity, 
there is a cold stream from Baffin's Bay, Labrador, 
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and the coasts of the north, running south with equal 

velocity One part of it underruns the Gulf 

Stream, as is shown by the icebergs, which are carried 
in a direction tending across its course.' There can 
be no doubt, in fact, that this last circumstance indi- 
cates the manner in which the main contest between 
the two currents is settled. A portion of the arctic 
current finds its way between the Gulf Stream and 
the continent of America; and this portion, though 
narrow, has a very remarkable effect in increasing the 
coldness of the American winters. But the main part, 
heavier, by reason of its coldness, than the surrounding 
water, sinks beneath the surface. And the well-known 
fact mentioned by Maury, that icebergs have been 
seen stemming the Gulf Stream, suffices to show how 
comparatively shallow that current is at this distance 
from its source, and thus aids to remove a difficulty 
which we have already had occasion to deal with. 

Doubtless the cooling influence of the arctic cur- 
rents is appreciable; but it would be a mistake to 
suppose that this influence can suffice to deprive the 
Gu f current of its distinctive warmth. If all the 
effect of the cold current were operative on the Gulf 
Stream alone, we might suppose that, despite the enor- 
mous quantity of comparatively warm water which is 
continually being carried northwards, the current 
would be reduced to the temperature of the surround- 
ing water. But this is not so. The arctic current 
not only cools the Gulf current, but the surrounding 
water also — possibly to a greater extent, for it is com- 
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monly supposed that a bed of ordinary sea-water 
separates the two main currents from each other. Thus 
the characteristic difference of temperature remains 
unaffected. But in reality we may assume that the 
cooling effect actually exercised by the arctic current 
upon the neighbouring sea is altogether disproportionate 
to the immense amount of heat continually being 
carried northwards by the Gulf Stream. It is as- 
tonishing how unreadily two sea-currents exchange 
their temperatures — to use a somewhat inexact 
mode of expression. The very fact that the littoral 
current of the United states is so cold — a fact 
thoroughly established — shows how little warmth this 
current has drawn from the neighbouring seas. Another 
fact, mentioned by Captain Maury, bears in a very 
interesting manner upon this peculiarity. He says : ^ If 
any vessel will take up her position a little to the northr 
ward of Bermuda, and steering thence for the capes 
of Virginia, ^vill try the water-thermometer all the 
way at short intervals, she will find its reading to be 
now higher, now lower ; and the observer will discover 
that he has been crossing streak after streak of warm 
and cool water in regular alternations.' Each portion 
maintains its own temperature even in the case of such 
warm streaks as these, all belonging to one current 

Similar considerations dispose of the arguments 
which have been founded on the temperature of the 
sea-bottom. It has been proved that the living creatures 
which people the lower depths of the sea exist under 
circumstances which evidence a perfect uniformity of 
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temperature ; and arguments on the subject of the 
Gulf Stream have been derived from the evidence of 
what is termed a minimum thermometer — that is, a 
thermometer which will indicate the lowest temperature 
it has been exposed to — ^let down into the depths of 
the sea. All such arguments, whether adduced against 
or in favour of the Gulf- Stream theory, must be held 
to be futile, since the thermometer in its descent may 
pass through several submarine currents of different 
temperature. 

Lastly, an argument has been urged against the 
warming effects of the Gulf Stream upon our climate, 
which requires to be considered with some attention. 
It is urged that the warmth derived from so shallow a 
current as the Gulf Stream must be, by the time it has 
reached our shores, could not provide an amount of 
heat sufficient to affect our climate to any appreciable 
extent. The mere neighbourhood of this water at a 
temperature slightly higher than that due to the 
latitude could not, it is urged, affect the temperature 
of the inland counties at all. 

This argument is founded on a misapprehension of 
the beautiful arrangement by which Nature carries heat 
from one region' to distribute it over another. Over 
the surface of the whole current the process of eva- 
poration is going on at a greater rate than over the 
neighbouring seas, because the waters of the current 
are warmer than those which surround them. The 
vapour thus rising above the Gulf Stream is presently 
(vafted by the south-westerly winds to our shores and 
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over our whole land. But as it thus reaches a region 
of comparative cold the vapour is condensed — ^that is, 
turned into fog, or mist, or cloud, according to circum- 
stances. It is during this change that it gives out the 
heat it has brought with it from the Gulf Stream. 
For precisely as the evaporation of water is a process 
requiring heat, the change of vapour into water — 
whether in the form of fog, mist, cloud, or rain — is a 
process in which heat is given out. Thus it is that the 
south-westerly wind, the commonest wind we have, 
brings clouds and fogs and rain to us from the Gulf 
Stream, and with them brings the Gulf-Stream 
warmth. 

Why the south-westerly winds should be so common, 
and how it is that over the Gulf Stream there is a sort 
of air-channel along which winds come to us as if by 
their natural pathway, we have not space here to 
enquire (see p. 166). The subject is full of interest, but 
it does not belong to the question we are considering. 

It would seem that a mechanism involving the 
motion of such enormous masses of water as the 
current-system of the Atlantic should depend on the 
operation of very evident laws. Yet a variety of con- 
tradictory hypotheses have been put forward from time 
to time respecting this system of circulation, and even 
now the scientific world is divided between two oppos- 
ing theories. 

Of old the Mississippi River was supposed to be the 
parent of the Gulf Stream. It was noticed that the 
current flows at about the same rate as the Mississippi! 
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and this fact was considered sufficient to support the 
strange theory that a river can give birth to an ocean- 
current. 

It was easy, however, to overthrow this theory. 
Captain Livingston showed that the volume of water 
which is poured out of the Gulf of Mexico in the form 
of an ocean-stream is more than a thousand times^ 
greater than the volume poured into the Gulf by the 
Mississippi River. 

Having overthrown this old theory of the Gulf 
Stream, Captain Livingston attempted to set up one 
which is equally unfounded. He ascribed the current 
to the sun's apparent yearly motion and the influence 
he exerts on the waters of the Atlantic. A sort of 
yearly tide is conceived, according to this theory, to be 
the true parent of the Gulf current. It need hardly 
be said, however, that a phenomenon which remains 
without change through the winter and summer seasons 
cannot possibly be referred to the operation of such a 
cause as a yearly tide. 

It is to Dr. Franklin that we owe the first theory of 
the Gulf Stream which has met with general acceptance. 
He held that the Gulf Stream is formed by the outflow 
of waters which have been forced into the Caribbean 
Sea by the trade-winds : . so that the pressure of these 
winds on the Atlantic Ocean forms, according to Dr. 
Franklin, the true motive power of the Gulf Stream 
n^achinery. According to Maury, this theory has 
* come to be the most generally received opinion in the 
mind of seafaring people.' It supplies a moving force 
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of undoubted eflSciency. We know that as the trade- 
winds travel towards the equator they lose their 
westerly motion. It is reasonable to suppose that this 
is caused by*friction against the surface of the ocean, 
to which, therefore, a corresponding westerly motion 
must have been imparted. 

There is a simplicity about Franklin*s theory which 
commends it favourably to our consideration. But 
when we examine it somewhat more closely, several 
very decided flaws present themselves to our attention. 

Consider, in the first place, the enormous mass of 
water moved by the supposed agency of the winds. 
Air has a weight — volume for volume — which is less 
than one eight-hundredth part of that of water. So 
that, to create a water-current, an air-current more 
than eight hundred times as large and of equal velocity 
must expend the whole of its motion. Now the trade- 
winds are gentle winds, their velocity scarcely exceed- 
ing in general that of the more swiftly-moving portions 
of the Gulf Stream. But even assigning to them a 
velocity four times as great, we still want an air- 
current two hundred times as large as the water- 
current. And the former must give up the whole of 
its motion, which, in the case of so elastic a substance 
as air, would hardly happen, the upper air being un- 
likely to be much affected by the motion of the lower. 

But this is far from being all. If the trade-winds 
blew throughout the year, we might be disposed to 
recognise their influence upon the Gulf Stream as a 
paramount, if not the sole one. But this is not the 
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case. Captain Maury states that, * With the view of 
ascertaining the average number of days during the 
year that the north-east trade-winds of the Atlantic 
operate upon the currents between twenty-five degrees 
north latitude and the equator, log-books containing 
no less than 380,284 observations on the force and 
direction of the wind in that ocean were examined. 
The data thus afforded were carefully compared and 
discussed. The results show that within these lati- 
tudes — and on the average — the wind from the north- 
east is in excess of the winds from the south-west only 
111 days out of the 365. Now, can the north-east 
trades,' he pertinently asks, * by blowing for less than 
one-third of the time, cause the Gulf Stream to run 
all the time, and without varying its velocity either to 
their force or to their prevalence ?' 

And besides this, we have to consider that no part 
of the Gulf Stream flows strictly before the trade- 
winds. Where the current flows most rapidly, namely, 
in the Narrows of Bemini, it sets against the wind, and 
for hundreds of miles after it enters the Atlantic ^ it 
runs,' says Maury, * right in the "wind's eye."' It 
must be remembered that a current of air directed 
with considerable force against the surface of still 
water has not the power of generating a current which 
can force its way far through the resisting fluid. If 
this were so, we might understand how the current, 
originating in sub-tropical regions, could force its way 
onward after the moving force had ceased to act upon 
it, and even carry the waters of the current right 

K 
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against the wind, after leaving the Gulf of Mexico. 
But experience is wholly opposed to this view. The 
most energetic currents are quickly dispersed when 
they reach a wide expanse of still water. For example, 
the Niagara below the falls is an immense and rapid 
river. Yet when it reaches Lake Ontario, * instead of 
preserving its character as a distinct and well-defined 
stream for several hundred miles, it spreads itself out, 
and its waters are immediately lost in those of the 
lake.' Here, again, the question asked by Maury 
bears pertinently on the subject we are considering. 
^ Why,' he says, * should not the Gulf Stream do the 
same ? It gradually enlarges itself, it is true ; but, 
instead of mingling with the ocean by broad spread- 
ing, as the immense rivers descending into the northern 
lakes do, its waters, like a stream of oil in the ocean, 
preserve a distinctive character for more than three 
thousand miles.' 

The only other theory which has been considered in 
recent times to account satisfactorily for all the features 
of the Gulf-Stream mechanism was put forward, we 
believe, by Captain Maury, In this theory, the 
motive power of the whole system of oceanic circula- 
tion is held to be the action of the sun's heat upon 
the waters of the sea. We recognise two contrary 
effects as the immediate results of the sun's action. In 
the first place, by warming the equatorial waters, it 
tends to make them lighter ; in the second place, by 
causing evaporation, it renders them Salter, and so 
tends to make them heavier. We have to enquire 
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which form of action is most effective. The enquiry 
would be somewhat diflScult, if we had not the evidence 
of the sea itself to supply an answer. For it is an 
enquiry to which ordinary experimental processes 
would not be applicable. We must accept the fact 
that the heated water from the equatorial seas actually 
does float upon the cooler portions of the Atlantic, as 
evidence that the action of the sun results in making 
the water lighter. 

Now, Maury says that the water thus lightened 
must flow ovef and form a surface-current towards the 
Poles ; while the cold and heavy water from the polar 
seas, as soon as it reaches the temperate zone, must 
sink and form a submarine current. He recognises in 
these facts the mainspring of the whole system of 
oceanic circulation. If a long trough be divided into 
two compartments, and we fill one with oil and the 
other with water, and then remove the dividing plate, 
we shall see the oil rushing over the water at one end 
of the trough, and the water rushing under the oil at 
the other. And if we further conceive that oil is con- 
tinually being added at that end of the trough origi- 
nally filled with oil, while water is continually added 
to the other, it is clear that the system of currents 
would continue in action: that is, there would be a 
continual flow of oil in one direction along the surface 
of the water, and of water in the contrary direction 
underneath the oil. 

But Sir John Herschel maintains that no such effects 
as Maury describes could follow the action of the sun's 

k2 
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heat upon the equatorial waters. He argues thus: 
Granting that these waters become lighter and expand 
in volume, yet they can only move upwards, down- 
wards, or sideways. There can be nothing to cause 
either of the two first forms of motion; and as for 
motion sideways, it can only result from the gradual 
slope caused by the bulging of the equatorial waters. 
He proceeds to show that this slope is so slight that 
we cannot look upon it as competent to form any 
sensible current from the equatorial towards the polar 
seas. And even if it could, he says, the water thus 
flowing off would have an eastward instead of a 
westward motion, precisely as the counter-trade-winds, 
blowing from equatorial to polar regions, have an east- 
ward motion. 

It is singular how completely the supporter of each 
rival view has succeeded in overthrowing the argu- 
ments of his opponent. Certainly Maury has shown 
with complete success that the inconstant trade-winds 
cannot account for the constant Gulf current, which 
does not even flow before them, but, in places, exactiy 
against their force. And the reasoning of Sir John 
Herschel seems equally cogent, for certainly the flow 
of water from equatorial towards polar regions ought 
from the first to have an eastward, instead of a west- 
ward motion ; whereas the equatorial current, of which 
the Gulf Stream is but the continuation, flows from 
east to west, right across the Atlantic. 

Equally strange is it to find that each of these emi- 
nent men, having read the arguments of the other, 
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reasserts, but does not effectually defend, his own 
theory, and repeats with even more damaging effect 
his arguments against the rival view. 

Yet one or other theory must at least point to the 
true view, for the Atlantic is subject to no other agen- 
cies which can for a moment be held to account for a 
phenomenon of such magnificence as the Gulf Stream. 

It appears to us that, on a close examination of the 
Gulf- Stream mechanism, the true mainspring of its 
motion can be recognised. Compelled to reject the 
theory that the trade-winds generate the equatorial 
current westward, let us consider whether Herschel's 
arguments against the * heat theory ' may not suggest 
a hint for our guidance. He points out that an over- 
flow from the equator polewards would result in an 
eastward, and not in a westward current. This is 
true. It is equally true that a flow of water towards 
the equator would result in a westward current. But 
no such flow is observed. Is it possible that there may 
be such a flow, but that it takes place in a hidden 
manner? Clearly there may be. Sub-marine currents 
towards the equator would have precisely the kind 
of motion we require, and if any cause drew them to 
the surface near the equator, they would account in 
full for the great equatorial westward current. 

At this point we begin to see that an important 
circumstance has been lost sight of in dealing with the 
heat theory. The action of the sun on the surface- 
water of the equatorial Atlantic has only been consi- 
dered with reference to its warming effects. But we 
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must not forget that this action has drying effects also. 
It evaporates enormous quantities of water, and we 
have to enquire whence the water comes by which the 
sea-level is maintained. A surface-flow from the sub- 
tropical seas would suffice for this purpose, but no such 
flow is observed. Whence, then, can the water come 
but from below ? Thus we recognise the fact that a 
process resembling suction is continually taking place 
over the whole area of the equatorial Atlantic, the 
agent being the intense heat of the tropical sun. No 
one can doubt that this agent is one of adequate power. 
Indeed, the winds, conceived by Franklin to be the 
primary cause of the -Atlantic currents, are in reality 
due to the merest fraction of the energy inherent in the 
sun's heat. 

We have other evidence that the indraught is from 
below in the comparative coldness of the equatorial 
current. The Gulf Stream is warm by comparison 
with the surrounding waters, but the equatorial cur- 
rent is cooler than the tropical seas. According to 
Professor Ansted, the southern portion of the equa- 
torial current, as it flows past Brazil, ^ is everywhere a 
cold current, generally from four to six degrees below 
the adjacent ocean.' 

Having once detected the mainspring of the Gulf- 
Stream mechanism, or rather of the whole system of 
oceanic circulation — for the movements observed in the 
Atlantic have their exact counterpart in the Pacific — 
we have no difficulty in accounting for all the motions 
which that mechanism exhibits. We need no lonsrer 
look upon the Gulf Stream as the rebound of the 



IS THE GULF STREAM A MYTH? 135 

equatorial current from the shores of North America, 
Knowing that there is an underflow towards the 
equator, we see that there must be a surface-flow 
towards the Poles, And this flow must as inevitably 
result in an easterly motion, as the underflow towards 
the equator results in a westerly motion. We have, 
indeed, the phenomena of the trades and counter-trades 
exhibited in water-currents instead of air-currents. 

(From St. FattTs, September 1869.)* 



FLOODS IN SWITZERLAND. 

During the past few weeks we have witnessed a suc- 
cession of remarkable evidences of Nature's destructive 
powers. The fires of Vesuvius, the earth-throes of the 
aub-equatorial Andes, and the submarine disturbance 
which has shaken Hawaii, have presented to us the 
various forms of destructive action which the earth's 
subterranean forces can assume. In the disastrous 
floods which have recently visited the Alpine cantons 
of Switzerland, we have evidence of the fact that 
natural forces which we are in the habit of regarding 
as beneficent and restorative may exhibit themselves 
as agents of the most widespread destruction. We 
have pointed out elsewhere (see p. 228) how enormous 
is the amount of power of which the rain-cloud is the 
representative ; and in doing so we have endeavoured 
to exhibit the contrast between the steady action of 

« See also The Student for July 1868. 
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the falling shower and the energy of the processes of 
which rain is in reality the equivalent. But in the 
floods which have lately ravaged Switzerland we see 
the same facts illustrated, not by numerical calcula- 
tions or by the results of philosophical experiments, 
but in action, and that action taking place on the most 
widely extended scale. The whole of the south-eastern, 
or, as it may be termed, the Alpine half of Switzer- 
land, has suffered from these floods. If a line be 
drawn from the Lake of Constance, in the north-east 
of Switzerland, to the Col de Balme, in the south- 
west, it will divide Switzerland into two nearly equal 
portions, and scarcely a canton within the eastern of 
these divisions has escaped without great damage. 

The cantons which have suffered most terribly are 
those of Tessin, Grisons, and St. Gall. The St 
Gothard, Splugen, and St. Bemhardin routes have 
been rendered impassable. Twenty-seven lives were 
lost in the St. Gothard Pass, besides horses and 
waggons full of merchandise. It is stated, that on the 
three routes upwards of eighty persons perished. In 
the village of Loderio alone, no less than fifty deaths 
occurred. So terrible a flood has not taken place since 
the year 1834. Nor have the cantons of Uri and 
Valais escaped. From Unterwalden we hear that the 
heavy rains which took place a fortnight ago have 
carried away several large bridges, and many of the 
rivers continue still very swollen. We have already 
described how enormous the material losses are which 
have been caused by these floods. Many places are 
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under water ; others in ruins or absolutely destroyed. 
In Tessin alone the damage is estimated at forty thou- ' 
sand pounds sterling. 

A country like Switzerland must always be liable to 
the occurrence, from time to time, of catastrophes of 
this sort. Or rather, perhaps, we should draw a dis- 
tinction between the two divisions of Switzerland 
referred to above. Of these the one may be termed 
the mountain half, and the other the lake half of the 
country. It is the former portion of the country which 
is principally subject to the dynamical action of water. 
A long-continued and heavy rainfall over the higher 
lands cannot fail to produce a variety of remarkable 
effects, where the arrangement of mountains and passes, 
hills, valleys, and ravines, is so complicated. There 
are places where a large volume of water can accumu- 
late until the barriers which have opposed its passage 
to the plains burst under its increasing weight ; and 
then follow those destructive rushes of water which 
sweep away whole villages at once. It is, in fact, the 
capacity of the Swiss mountain region for damming up 
water, far more than any other circumstance, which 
renders the Swiss floods so destructive. 

And then it must be remembered, that there are at 
all times suspended over the plains and valleys which 
Ue beneath the Alpine ranges enormous masses of 
water in the form of snow and ice. Although in gene- 
ral these suffer no changes but those due to the partial 
melting which takes place in summer, and the renewed 
accumulation wiich takes place in winter, yet when 
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heavy raios fall upon the less elevated portions of the 
Alpine snow, they not only melt that snow much more 
rapidly than the summer sun would do, but they wash 
do^vn large masses, which add largely to the destruc- 
tive power of the descending waters. 

The most destructive floods which have occurred in 
Switzerland have usually been those which take place 
in early summer. The floods which inundated the 
plains of Martigny in 1818 were a remarkable instance 
of the effects which result from the natural damming 
up of large volumes of water in the upper parts of the 
Alpine hill-country. The whole of the valley of 
Bagnes, one of the largest of the lateral branches of the 
main valley of the Khone above Geneva, was converted 
into a lake, in the spring of 1818, by the damming up 
of a narrow pass into which avalanches of snow and 
ice had been precipitated from a lofty glacier over- 
hanging the bed of the river Dranse. The icy barrier 
enclosed a lake no less than half a league in length 
and an eighth of a mile wide, and in places two hundred 
feet deep. The inhabitants of the neighbouring vil- 
lages were terrified by the danger which was to be 
apprehended from the bursting of the barrier. They 
cut a gallery seven hundred feet long through the ice, 
while the waters had as yet risen to but a moderate 
height ; and when the waters began to flow through 
this channel, its course was deepened by the melting of 
the ice, and at length nearly half the contents of the 
lake were safely carried off*. It was hoped that the 
process would continue, and the country be saved from 
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the danger which had been so long impending over it 
But as the heat of the weather increased, the central 
part of the barrier slowly melted away, until it became 
too weak to bear the enormous weight of water which 
was pressing against it. At length it gave way, so 
suddenly and completely that all the water which re- 
mained in the lake rushed out in half an hour. The 
downward passage of the water illustrated, in a very 
remarkable way, the fact that the chief mischief of 
floods is occasioned where water is checked in its 
outflow. For it is related that, ^ in the course of 
their descent the waters encountered several nai-row 
gorges, and at each of these they rose to a great height, 
and then burst with new violence into the next basin, 
sweeping along forests, houses, bridges, and cultivated 
land.' Along the greater part of its course the flood 
resembled rather a moving mass of rock and mud than 
a stream of water. Enormous masses of granite were 
torn out of the sides of the valleys and whirled for 
hundreds of yards along the course of the flood. M. 
Escher relates that one of the fragments thus swept 
along was no less than sixty yards in circumference. 
At first the water rushed onwards at a rate of more 
than a mile in three minutes, and the whole distance 
(forty-five miles) which separates the valley of Bagnes 
from the Lake of Geneva was traversed in little more 
than six hours. The bodies of persons who had been 
drowned in Martigny were found floating on the 
farther side of the Lake of Geneva, near Vevey. 
Thousands of trees were torn up by the roots, and the 
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ruins of buildings which had been overthrown by the 

flood were carried down beyond Martigny. In fact, 

the flood at this point was so high that some of the 

houses in Martigny ^ were filled with mud up to the 

second storey.' Beyond Martigny the flood did but 

little damage, as it here expanded over the plain, and 

was at once reduced in depth and velocity. 

(From the Daily New8 for October 20, 1868.) 



A GREAT TIDAL WAVE. 

During the last few days anxious questionings have 
been heard respecting the next spring tides. A certain 
naval ofiicer, who conceives that he can trace in the 
relative positions of the sun and moon the secret of 
every important change of weather, has described in 
the columns of a contemporary the threatening signifi- 
cance of the approaching conjunction of the sun and 
moon. He predicts violent atmospheric disturbances ; 
though in another place he tells us merely that the 
conjunction is to cause ^ unsettled weather,' a state of 
matters to which we in England have become tolerably 
well accustomed. 

But people are asking what is the actual relation 
which is to bring about such terrible events. The 
matter is very simple. On October 5, the moon will 
be new — in other words, if it were not for the bright- 
ness of the sun, we should see the moon close by that 
luminary on the heavens. Thus the sun and moon 
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'will pull with combined effect upon the waters of the 
earth, and so cause what are called spring tides. This, 
of course, happens at the time of every new moon. 
But sometimes the moon exerts a more effective pull 
than at other times ; and the same happens also in the 
case of the sun ; and on October 5, it happens that 
both the sun and the moon will give a particularly 
vigorous haul upon the earth's waters. As regards 
the sun, there is nothing unusual. Every October his 
pull on the ocean is much the same as in preceding 
Octobers. But October is a month of high solar tides 
— and for these reasons. In September, as everyone 
knows, the sun crosses the equinoctial ; and other 
things being equal it would be when on the equinoctial 
that his power to raise a tidal wave would be greatest. 
But other things are not equal ; for the sun is not 
always at a fixed distance from the earth. He is 
nearest in January; so that he would exert more 
power in that month than in any other if his force 
depended solely on distance. As matters actually 
stand, it will be obvious that at some time between 
September and January the sun's tidal power would 
have a maximum value. Thus it is that October is a 
month of high solar tidal waves. 

But it is the lunar wave which will be most effectively 
strengthened at the next spring tide. If we could 
watch the lunar tidal wave alone (instead of always 
finding it combined with the solar wave) we should 
find it gradually increasing, and then gradually dimin- 
ishing, in a period of about a lunar month. And we 
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should find that it was always largest when the moon 
looked largest, and vice versa. In other words, when 
the moon is in perigee the lunar wave is largest. But 
then there is another consideration. The lunar wave 
would vary according to the moon's proximity to the 
equinoctial ; and (other things being equal) would be 
largest when the moon is- exactly opposite the earth's 
equator. If the two effects are combined, that is, if 
the moon happens to be in perigee and on the equi- 
noctial at the same time, then of course we get the 
largest lunar tidal wave we can possibly have. 

Now this ^ largest lunar wave ' occurs at somewhat 
long intervals, because the relation on which it depenjis 
is one which is, so to speak, exceptional. Still the 
relation does recur, and with a certain degree of regu- 
larity. When it happens, however, it by no means 
follows that we have a very high tide ; because it may 
occur when the tides are near ^ neap ' ; in other words, 
when the sun and moon exert opposing effects. The 
largest lunar wave cannot stand the drain which the 
solar wave exerts upon it at the time of neap tides. 
Nor would the large lunar tidal wave produce an 
exceptionally high tide, even though it were not the 
time of *neap,' or were tolerably near the time of 
* spring ' tides. Only when it happens that a large 
lunar wave combines fully with the solar wave do we 
get very high tides. And when, in addition to this 
relation, we have the solar wave nearly at a maximum, 
we get the highest of all possible tides. This is what 
will happen, or all but happen, on October 5 next. 



I 
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The combination of circumstances is almost the most 
eflPective that can possibly exist 

But, after all, high tides depend very importantly 
on other considerations than astronomical ones. Most 
of us remember how a predicted high tide some two 
years ago turned out to be a very moderate, or, if we 
may use the expression, a very * one-horse ' aflPair 
indeed, because the winds had not been consulted, and 
exerted their influence against the astronomers. A 
long succession of winds blowing oflP-shore would re- 
duce a spring tide to a height scarcely exceeding the 
ordinary neap. On the other hand, if we should have 
a long succession of westerly winds from the Atlantic 
before the approaching high tide, it is certain that a 
large amount of mischief may be done in some of our 
river-side regions.^ 

As for the predicted weather changes, they may be 
regarded as mere moonshine. A number of predictions, 
founded on the motions of the sun and moon, have 
found a place during many months past in the columns 
of a contemporary; but there has been no greater 
agreement between these predictions and the weather 
actually experienced than anyone could trace between 
Old Moore's weather prophecies and recorded weather 
changes. In other words, there have been certain 
accordances which would be very remarkable indeed 
if they did not happen to be associated with as many 
equally remarkable discordances. Kandom predictions 
would be quite as satisfactory. 

* The wave did little mischief. 



144 LIQKT SCIENCE FOR LEISURE HOURS. 

A very amusing misprint has found its way into 
many newspapers in connection with the coming tide. 
It is interesting as serving to show how little is 
really known by the general public about some of the 
simplest scientific matters. The original statement 
announced that the sun would not be in perihelion by 
so many seconds of semi-diameter, in itself a very in- 
correct mode of expression. Still it was clear that 
what was meant was, that the earth would be so far 
from the place of nearest approach to the sun that the 
latter would not look as large as it possibly can by 
so many seconds of semi-diameter. In many papers, 
however, we read that the ^ sun will not be in perihe- 
lion by so many seconds of mean chronometer I ' Who 
first devised this marvellous reading is unknown — he 

should have a statue. 

(From the Daily News for September 27, 1869.) 



BEEP'SEA DREBGINGS. 



Men have ever been strangely charmed by the 
unknown and the seemingly inaccessible. The as- 
tronomer exhibits the influence of this charm as he 
constructs larger and larger telescopes, that he may 
penetrate more and more deeply beyond the veil which 
conceals the greater part of the universe from the 
unaided eye. The geologist seeking to piece together 
the fragmentary records of the past which the earth's 
surface presents to him, is equally influenced by the 
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charm of mystery and diflSculty. And the microscopist 
who tries to force from nature the secret of the infinitely 
little^ is led on by the same strange desire to discover 
just those matters which nature has been most careftd 
to conceal from us. 

The energy with which in recent times men have 
sought to master the problem of deep-sea sounding 
and deep-sea dredging is, perhaps, one of the most 
striking instances ever afforded of the charm which the 
unknown possesses for mankind. Not long ago, one of 
the most eminent geographers of the sea spoke regret- 
fully about the small knowledge men have obtained of 
the depths of ocean. ^ Greater difficulties,' he remarked, 
* than any presented by the problem of deep-sea re- 
search have been overcome in other branches of 
physical enquiry. Astronomers have measured the 
volumes and weighed the masses of the most distant 
planets, and increased thereby the stock of human 
knowledge. Is it creditable to the age that the depths 
of the sea should remain in the category of unsolved 
problems ? that its " ooze and bottom " should be a 
sealed volume, rich with ancient and eloquent legends, 
and suggestive of many an instructive lesson that 
might be useful and profitable to man ? ' 

Since that time, however, deep-sea dredging has 
gradually become more and more thoroughly under- 
stood and mastered. Recently, wh«n the telegraphic 
cable which had lain so many months at the bottom of 
the Atlantic was hauled on board the Great Eastern 
from enormous depths, men were surprised and almost 

L 
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startled by the narrative. The appearance of the 
ooze-covered cable as it was slowly raised towards the 
surface, and the strange thrill which ran through those 
who saw it and remembered through what mysterious 
depths it had twice passed ; its breaking away almost 
from the very hands of those who sought to draw it on 
board ; and the successful renewal of the attempt to 
recover the cable, — all these things were heard of as 
one listens to a half-incredible tale. Yet when that 
work was accomplished deep-sea dredging had already 
been some time a science, and many things had been 
achieved by its professors which presented, in reality, 
greater practical difficulties than the recovery of the 
Atlantic Cable. 

Recently, however, deep-sea researches have been 
carried on with results which are even more sensational, 
so to speak, than the grappling feat which so surprised 
us. Seas so deep that many of the loftiest summits of 
the Alps might be completely buried beneath them 
have been explored. Dredges weighing with their 
load of mud nearly half a ton have been hauled up 
without a hitch from depths of some 14,000 feet. But 
not merely has comparatively rough work of this sort 
been achieved, but by a variety of ingenious con- 
trivances men of science have been able to measure the 
temperature of the sea at depths where the pressure is 
so enormous as to be equivalent to a weight of more 
than 430 tons on every square foot of surface. 

The results of these researches are even more re- 
markable and surprising, however, than the means by 
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which they have been obtained. Sir Charles Lyell has 
fairly spoken of them as so astonishing ^ that they have 
to the geologist almost a revolutionary character.' 
Let us consider a few of them. 

No light can be supposed to penetrate to the enorr 
mous depths just spoken of. Therefore, how certainly 
we might conclude that there can be no life there. If, 
instead of dealing with the habitability of planets, 
Whewell, in his * Plurality of Worlds,' had been con- 
sidering the question whether at depths of two or three 
miles living creatures could subsist, how convincingly 
would he have proved the absurdity of such a suppo- 
sition. Intense cold, perfect darkness, and a persistent 
pressure of two or three tons to the square inch, — 
such, he might have argued, are the conditions under 
which life exists, if at all, in those dismal depths. 
And even if he had been disposed to concede the bare 
possibility that life of some sort may be found there, 
then certainly, he would have urged, some new sense 
must replace sight — the creatures in these depths can 
assuredly have no eyes, or only rudimentary ones. 

But the recent deep-sea dredgings have proved that 
not only does life exist in the very deepest parts of 
the Atlantic, but that the beings which live and move 
and have their being beneath the three-mile mountain 
of water have eyes which the ablest naturalists pro- 
nounce to be perfectly developed. Light, then, of 
some sort must exist in those abysms, though whether 
the home of the deep-sea animals be phosphorescent, 
as Sir Charles Lyell suggests, or how light may 

L 2 
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reach these creatures, we have no present means of 
determining. 

If there is one theory which geologists have thought 
more justly founded than all others, it is the view that 
the various strata of the earth were formed at different 
times. A chalk district, for example, lying side by 
side with a sandstone district, has been referred to a 
totally different era. "^Vhether the chalk was formed 
first, or whether the sandstone existed before the 
minute races came into being which formed the 
cretaceous stratum, might be a question. But no 
doubt existed in the minds of geologists that each 
formation belonged to a distinct period. Now, how- 
ever. Dr. Carpenter and Professor Thomson may 
fairly say, ^TVe have changed all this.' It has 
been found that at points of the sea bottom only eight 
or ten miles apart, there may be in progress the 
formation of a cretaceous deposit and of a sandstone 
region, each with its own proper fauna. * Wherever 
similar conditions are found upon the dry land of the 
present day,' remarks Dr. Carpenter, *it has been 
supposed that the formation of chalk and the formation 
of sandstone must have been separated from each other 
by long periods, and the discovery that they may 
actually co-exist upon adjacent surfaces has done no 
less than strike at the very root of the customary 
assumptions with regard to geological time.'* 

Even more interesting, perhaps, to many, toe the 

* This opinion Dr. Carpenter has since somewhat modified. It will 
be remembered, of course, that the evidence derived from the nature of 
superposed strata is in no way affected by what is shown above to hold 
as respects adjacent deposits. 
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results which have been obtained respecting the varying 
temperatures of deep-sea regions. The peculiarity 
just considered is, indeed, a consequence of such varia- 
tions ; but the fact itself is at least as interesting as 
the consequences which flow from it. It throws light 
on the long-standing controversy respecting the oceanic 
circulation. It has been found that the depths of the 
equatorial and tropical seas are colder than those of the 
North Atlantic. In the tropics the deep-sea tempera- 
ture is considerably below the freezing-point of fresh 
water : in the deepest part of the Bay of Biscay the 
temperature is several degrees above the freezing-point. 
Thus one learns that the greater part of the water 
which lies deep below the surface of the equatorial and 
tropical seas come from the Antarctic regions, though 
undoubtedly there are certain relatively narrow 
currents which carry the waters of the Arctic seas to 
the tropics. The great point to notice is that the 
water under the equatorial seas must really have 
travelled from polar regions. A cold of 30 degrees 
can be explained in no other way. We see at once, 
therefore, the explanation of those westerly equatorial 
currents which have been so long a subject of contest. 
Sir John Herschel failed to prove that they are due to 
the trade winds, but Maury failed equally to prove 
that they are due to the great warmth and consequent 
buoyancy of the equatorial waters. In fact, while Maury 
showed very convincingly that the great system of 
oceanic circulation is carried on despite the winds, 
Herschel proved in an equally convincing manner that 
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the overflow conceived by Maury should result in an 
easterly instead of a westerly current. Recently the 
theory was put forward that the continual process of 
evaporation going on in the equatorial regions leads to 
an indraught of cold water in bottom-currents from the 
polar seas. Such currents coming towards the equator, 
that is, travelling from latitudes where the earth's east- 
wardly motion is less to latitudes in which that motion 
is greater, would lag behind, that is, would have a 
westwardly motion. It seems now placed beyond a 
doubt that this is the true explanation of the equatorial 
ocean-currents. 

Such are a few, and but a few, among the many 
interesting results which have followed from the recent 
researches of Dr. Carpenter and Professor Thomson 

into the hitherto little-known depths of the great sea. 

(From the Spectator y December 4, 1869.) 



THE TUNNEL THROUGH MONT CENTS. 

Mex flash their messages across mighty continents and 
beneath the bosom of the wide Atlantic ; they weigh 
the distant planets, and analyse the sun and the stars; 
they span Niagara with a railway bridge, and pierce the 
Alps with a railway tunnel : yet the poet of the age in 
which all these things are done or doing sings, ^ We 
men are a puny race.' And certainly, the great works 
which belong to man as a race can no more be held to 
evidence the importance of the individual man than the 
vast coral reefs and atolls of the Pacific can be held to 
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evidence the working power of the individual coral 
polype. But if man, standing alone, is weak, man 
working according to the law assigned to his race from 
the beginning — that is in fellowship with his kind — is 
verily a being of power. 

Perhaps no work ever undertaken by men strikes 
one as more daring than the attempt to pierce the Alps 
with a tunnel. Nature seems to have upreared these 
mighty barriers as if with the design of showing man 
how weak he is in her presence. Even the armies of 
Hannibal and Napoleon seemed all but powerless in 
the face of these vast natural fastnesses. Compelled 
to creep slowly and cautiously along the difficult and 
narrow ways which alone were open to them, decimated 
by the chilling blasts which swept the face of the rug- 
ged mountain-range, and dreading at every moment 
the pitiless swoop of the avalanche, the French and 
Carthaginian troops exhibited little of the pomp and 
dignity which we are apt to associate with the opera- 
tions of warlike armies. Had the denizen of some 
other planet been able to watch their progress, he might 
indeed have said ^ these men are a puny race.' In this 
only, that they succeeded, did the troops of Hannibal 
and Napoleon assert the dignity of the human race. 
Grand as was the aspect of nature, and mean as was 
that of man during the progress of the contest, it was 
nature that was conquered — man that overcame. And 
now man has entered on a new conflict with nature in 
the gloomy fastnesses of the Alps. The barrier which 
he had scaled of old he has now undertaken to pierce. 
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And the work — bold and daring as it seemed — is three 
parts finished. 

The Mont Cenis tunnel was sanctioned by the Sar- 
dinian CrOYeniment in 1857, and arrangements were 
made for fixing the perforating machinery in the years 
1858 and 1859. But the work was not actually com- 
menced until November 1860. The tunnel — which 
will be fuUy seven and a half miles in length — was to 
be completed in twenty-five years. The entrance to 
the tunnel on the side of France is near the little village 
of Foumeau, and lies 3,946 feet above the level of the 
sea. The entrance on the side of Italy is in a deep 
valley at Bardon^he, and lies 4,380 feet above the sea 
level. Thus there is a difference of level of 434 feet 
But the tunnel will actually rise 445 feet above the 
level of the French end, attaining this height at a dis- 
tance of about four miles from that extremity ; in the 
remaining three and three-quarter miles there will be a 
fall of only ten feet, so that this part of the line will be 
practically level. 

The rocks through which the excavations have been 
made have been for the most part very difficult to work. 
Those who imagine that the great mass of our moun- 
tain ranges consist of such granite as is made use of in 
our buildings, and is uniform in texture and hardness, 
greatly underrate the difficulties with which the engi- 
neers of this gigantic work have had to contend. A 
large part of the rock consists of a crystallised calcareous 
schist, much broken and contorted ; and through this 
rock run in every direction large masses of pure quartz. 
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It will be conceived how difficult the work has been of 
piercing through so diversified a substance as this. The 
perforating machines are calculated to work best when 
the resistance is uniform ; and it has often happened 
that the unequal resistance offered to the perforators 
has resulted in injury to the chisels. But before the 
work of perforating began, enormous difficulties had to 
be contended with. It will be understood that, in a 
tunnel of such vast length, it was absolutely necessary 
that the perforating processes carried on from the two 
ends should be directed with the most perfect accuracy. 
It has often happened in short tunnels that a want of 
perfect coincidence has existed between the two halves 
of the work, and the tunnellers from one end have 
sometimes altogether failed to meet those from the 
other. But in a short tunnel this want of coincidence 
is not very important, because the two interior ends of 
the tunnellings cannot in any case be far removed from 
each other. But in the case of the Mont Cenis tunnel 
any inaccuracy in the direction of the two tunnellings 
would have been fatal to the success of the work, since 
when the two ought to meet it might be found that they 
were laterally separated by two or three hundred yards. 
Hence it was necessary before the work began to sur- 
vey the intermediate country, so as to ascertain with 
the most perfect accuracy the bearings of one end of 
the tunnel from the other. * It was necessary,' says 
the narrative of these initial labours, ^ to prepare accu- 
rate plans and sections for the determination of the 
levels, to fix the axis of the tunnel, and to ^^ set it out" 
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on the mountain top ; to erect observatories and guid- 
ing signals, solid, substantial, and true.' When we 
remember the nature of the passes over the* Cenis, we 
can conceive the difficulty of setting out a line of this 
sort over the Alpine range. The necessity of con- 
tinually climbing over rocks, ravines, and precipices in 
passing from station to station involved difficulties 
which, great as they were, were as nothing when com- 
pared with the difficulties resulting from the bitter 
weather experienced on those rugged mountain heights. 
The tempests which sweep the Alpine passes — the 
ever-recurring storms of rain, sleet, and driving snow, 
are trying to the ordinary traveller. It will be under- 
stood, therefore, how terribly they must have interfered 
with the delicate processes involved in surveying. It 
often happened that for days together no work of any 
sort could be done owing to the impossibility of using 
levels and theodolites when exposed to the stormy 
weather and bitter cold of these lofty passes. At length, 
however, the work was completed, and that with such 
success that the greatest deviation from exactitude was 
less than a single foot for the whole length of seven 
and a half miles. 

Equally remarkable and extensive were the labours 
connected with the preparatory works. New and solid 
roads, bridges, canals, magazines, workshops, forges, 
furnaces, and machinery had to be constructed ; resi- 
dences had to be built for the men, and offices for the 
engineers ; in fact, at each extremity of the tunnel a 
complete establishment had to be formed. Those who 
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have traversed Mont Cenis since the works began have 
been perplexed by the strange appearance and character 
of the machinery and establishments to be seen at 
Modane and Foumeau. The mass of pipes and tubes^ 
tanks^ reservoirs, and machinery, which would be mar- 
vellous anywhere, has a still stranger look in a wild 

and rugged Alpine pass. 

(From the Daily News,) 
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The inhabitants of the earth are subjected to agencies 
which — beneficial doubtless in the long run, perhaps 
necessary to the very existence of terrestrial races — 
appear, at first sight, energetically destructive. Such 
are — in order of destructiveness — the hurricane, the 
earthquake, the volcano, and the thunderstorm. When 
we read of earthquakes such as those which overthrew 
Lisbon, Callao, and Biobamba, and learn that one 
hundred thousand persons fell victims in the great 
Sicilian earthquake in 169Ji, and probably three hun- 
dred thousand in the two earthquakes which assailed 
Antioch in the years 526 and 612, we are disposed to 
assign at once to this devastating phenomenon the fore- 
most place among the agents of destruction. But this 
judgment must be reversed when we consider that earth- 
quakes — though so fearfully and suddenly destructive 
both to life and property — yet occur but seldom com- 
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pared with. wind-storms, while the effects of a real 
hurricane are scarcely less destructive than those of 
the sharpest shocks of earthquake. After ordinary 
storms, long miles of the sea-coast are strewn with the 
wrecks of many once gallant ships, and with the bodies 
of their hapless crews. In the spring of 1866 there 
might be seen at a single view from the heights near 
Plymouth twenty-two shipwrecked vessels, and this 
after a storm, which, though severe, was but trifling 
compared with the hurricanes which sweep over the 
torrid zones, and thence — scarcely diminished in force — 
as far north sometimes as our own latitudes. It was in 
such a hurricane that the Royal Charter was wrecked, 
and hundreds of stout ships with her. In the great 
hurricane of 1780, which commenced at Barbadoes 
and swept across the whole breadth of the North 
Atlantic, fifty sail were driven ashore at the Bermudas, 
two line-of-battle ships went down at sea, and upwards 
of twenty thousand persons lost their lives on the 
land. So tremendous was the force of this hurricane 
(Captain Maury tells us) that 'the bark was blown 
from the trees, and the fruits of the earth destroyed ; 
the very bottom and depths of the sea were uprooted 
— forts and castles were washed away, and their great 
guns carried in the air like chaff ; houses were razed ; 
ships wrecked ; and the bodies of men and beasts 
lifted up in the air and dashed to pieces in the storm ' 
— an account, however, which (though doubtless 
faithfully rendered by Maury from the authorities he 
consulted) must perhaps be accepted cum grano^ and 
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especially with reference to the great guns carried in 
the air * like chaff.'* 

In the gale of August 1782, all the trophies of 
Lord Rodney's victory, except the Ardent^ were 
destroyed, two British ships-ofrthe-line foundered at 
sea, numbers of merchantmen under Admiral Graves' 
convoy were wrecked, and at sea alone three thousand 
lives were lost. 

But quite recently a storm far more destructive 
than these swept over the Bay of Bengal. Most of our 
readers doubtless remember the great gale of October 
1864, in which all the ships in harbour at Calcutta 
were swept from their anchorage, and driven one upon 
another in inextricable confusion. Fearful as was the 
loss of life and property in Calcutta harbour, the 
destruction on land was greater. A vast wave swept 
for miles over the surrounding country, embankments 
were destroyed, and whole villages, with their inhabi- 
tants, were swept away. Fifty thousand souls, it is 
believed, perished in this fearful hurricane. 

The gale which has just ravaged the Gulf of Mexico 
adds another to the long list of disastrous hurricanes. 
As we write, the effects produced by this tornado are 
beginning to be made known. Already its destructive- 
ness has become but too certainly evidenced. 

The laws which appear to regulate the generation 

* We remember to have read that in this hurricane guns which had 
]oDg lain under water were washed up like mere drift upon the beach. 
Perhaps this circumstance grew gradually into the incredible story 
above recorded. 
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and the progress of cyclonic storms axe well worthy of 
careful study. 

The regions cliiefly infested by hurricanes are the 
West Indies, the southern parts of the Indian Ocean, 
the Bay of Bengal, and the China Seas. Each region 
has its special hurricane season. 

In the West Indies, cyclones occur principally in 
August and September, when the south-east monsoons 
are at their height. At the same season the African 
south-westerly monsoons are blowing. Accordingly 
there are two sets of winds, both blowing heavily and 
steadily from the Atlantic, disturbing the atmospheric 
equilibrium, and thus in all probability generating the 
great West Indian hurricanes. The storms thus 
arising show their force first at a distance of about six 
or seven hundred miles from the equator, and far to 
the east of the region in which they attain their 
greatest fury. They sweep with a north-westerly 
course to the Gulf of Mexico, pass thence northwards, 
and so to the north-east, sweeping in a wide curve 
(resembling the letter U placed thus ^) around the 
West Indian seas, and thence travelling across the 
Atlantic, generally expending their fury before they 
reach the shores of Western Europe. This course is 
the storm-track (or storm- cj as we shall call it). Of 
the behaviour of the winds as they traverse this track, 
we shall have to speak when we come to consider the 
peculiarity from which these storms derive their names 
of * cyclones' and ^tornadoes.' 

The hurricanes of the Indian Ocean occur at the 
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* changing of the monsoons.' * During the interreg- 
num,' writes Maury, Hhe fiends of the storm hold 
their terrific sway.' Becalmed often for a day or 
two, seamen hear moaning sounds in the air, fore- 
warning them of the coming storm. Then, suddenly, 
the winds break loose from the forces which have for 
awhile controlled them, and * seem to rage with a fury 
that would break up the fountains of the deep.' 

In the North Indian seas hurricanes rage at the 
same season as in the West Indies. 

In the China seas occur those fearful gales known 
among sailors as * typhoons,' or ^ white squalls.' These 
take place at the changing of the monsoons. Generated, 
like the West Indian hurricanes, at a distance of some 
ten or twelve degrees from the equator, typhoons 
sweep — in a curve similar to that followed by the 
Atlantic storms — around the East Indian Archipelago, 
and the shores of China to the Japanese Islands. 

There occur land-storms, also, of a cyclonic character 
in the valley of the Mississippi. * I have often ob- 
served the paths of such storms,' says Maury, ^ through 
the forests of the Mississippi. There the track of 
these tornadoes is called a ^^ wind-road," because they 
make an avenue through the wood straight along, and 
as clear of trees as if the old denizens of the forest had 
been cleared with an axe. I have seen trees three or 
four feet in diameter torn up by the roots, and the top, 
with its limbs, lying next the hole whence the root 
came.' Another writer, who was an eye-witness to 
the progress of one of these American land-storms, 
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thus speaks of its destructive effects. * I saw, to my 
great astonishment, that the noblest trees of the forest 
were falling into pieces. A mass of branches, twigs, 
foliage, and dust moved through the air, whirled 
onwards like a cloud of feathers, and passing, disclosed 
a wide space filled with broken trees, naked stimips, 
and heaps of shapeless ruins, which marked the path 
of the tempest.' 

K it appeared, on a careful comparison of observa- 
tions made in different places, that these winds swept 
directly along those tracks which they appear to follow, 
a comparatively simple problem would be presented to 
the meteorologist. But this is not found to be the 
case. At one part of a hurricane's course the storm 
appears to be travelling with fearful fury along the 
true storm- c3; at another less furiously directly 
across the storm-track; at another, but with yet 
diminished force, though still fiercely, in a direction 
exactly opposite to that of the storm-track. 

All these motions appear to be fairly accounted for 
by the theory that the true path of the storm is a 
spiral — or rather, that while the centre of disturbance 
continually travels onwards in a widely extended 
curve, the storm-wind sweeps continually around the 
centre of disturbance, as a whirlpool around its 
vortex. 

And here a remarkable circumstance attracts our 
notice, the consideration of which points to the mode 
in which cyclones may be conceived to be generated. 
It is found, by a careful study of different observations 
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made upon the same storm^ that cyclones in the 
northern hemisphere invariably sweep round the on- 
ward travelling vortex of disturbance in one direction, 
and southern cyclones in the contrary direction. If 
we place a watch, face upwards, upon one of the 
northern cyclone regions in a Mercator's chart, then 
the motion of the hands is contrary to the direction in 
which the cyclone whirls ; when the watch is shifted 
to a southern cyclone region, the motion of the hands 
takes place in the same direction as the cyclone 
motion. This peculiarity is converted into the follow- 
ing rule-of-thumb for sailors who encounter a cyclone, 
and seek to escape from the region of fiercest storm :— 
Facing the windy the centime or vortex of the storm lies 
to the right in the northern^ to the left in the southern, 
hemisphere. Safety lies in flying from the centre in 
every case save one — that is, when the sailor lies in 
the direct track of the advancing vortex. In this 
case, to fly from the centre would be to keep in the 
storm-track; the proper course for the sailor when 
thus situated is to steer for the calmer side of the 
storm-track. This is always the outside of the c^, as 
will appear from a moment's consideration of the spiral 
curve traced out by a cyclone. Thus, if the seaman 
scud before the wind — in all other cases a dangerous 
expedient in a cyclone^ — he will probably escape un- 
scathed. There is, however, this danger, that the 

* A ship by scudding before the gale may — if the captain is not 
familiar with the laws of cyclones — go round and round without 
escaping. The ship ' Charles Heddle * did this in the East Indies, 
going round no less ihajifive times. 

M 
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storm-track may extend to or even slightly overlap 
the land^ in which case scudding before the gale would 
bring the ship upon a lee-shore. And in this way 
many gallant ships have^ doubtless, suffered wreck. 

The danger of the sailor is obviously greater, how- 
ever, when he is overtaken by the storm on the inner 
side of the storm- c^. Here he has to encounter the 
double force of the cyclonic whirl and of the advancing 
storm-system, instead of the difference of the two 
motions, as on the outer side of the storm- track. His 
chance of escape will depend on his distance from the 
central path of the cyclone. If near to this, it is 
equally dangerous for him to attempt to scud to the 
safer side of the track, or to beat against the wind by 
the shorter course which would lead him out of the 
storm- c5 on its inner side. It has been shown by 
Colonel Sir W. Reid that this is the quarter in which 
vessels have been most frequently lost. 

But even the danger of this most dangerous quarter 
admits of degrees. It is greatest where the storm is 
sweeping round the most curved part of its track, 
which happens in about latitude twenty-five or thirty 
degrees. In this case, a ship may pass twice through 
the vortex of the storm. Here hurricanes have worked 
their most destructive effects. And thus it happens 
that sailors dread, most of all, the part of the Atlantic 
near Florida and the Bahamas, and the region of the 
Indian Ocean which lies south of Bourbon and 
Mauritius. 

To show how important it is that captains should 
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understand the theory of cyclones in both hemispheres, 
we shall here relate the manner in which Captain 
J. V. Hall escaped from a typhoon of the China seas. 
About noon, when three days out from Macao, Captain 
Hall saw ^ a most wild and uncommon-looking halo 
round the sun.' On the afternoon of the next day, the 
barometer had commenced to fall rapidly ; and though, 
as yet, the weather was fine, orders were at once given 
to prepare for a heavy gale. Towards evening, a bank 
of cloud was seen in the south-east, but when night 
closed the weather was still calm and the water smooth, 
though the sky looked wild and a scud was coming on 
from the north-east. * I was much interested,' says 
Captain Hall, * in watching for the commencement of 
the gale, which I now felt sure was coming. That 
bank to the south-east was the meteor (cyclone) 
approaching us, the north-east scud the outer north- 
west portion of it ; and when at night a strong gale 
came on about north, or north-north-west, I felt»certain 
we were on its western and south-western verge. It 
rapidly increased in violence ; but I was pleased to see 
the wind veeriog to the north-west, as it convinced me 
that I had put the ship on the right track, namely on 
the starboard tack, standing, of course, to the south- 
west. From ten a.m. to three p.m. it blew with great 
violence, but the ship being well prepared rode com- 
paratively easy. The barometer was now very low, 
the centre of the storm passing to the northward of us, 
to which we might have been very near had we in the 
first place put the ship on the larboard tack.' 

M 2 
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But the most remarkable point of Captain HalPs 
account remains to be mentioned. He had gone out 
of his course to avoid the storm, but when the wind 
fell to a moderate gale he thought it a pity to lie so far 
from his proper course, and made sail to the north- 
west. * In less than two hours the barometer again 
began to fall and the storm to rage in heavy gusts.' 
He bore again to the south-east, and the weather 
rapidly improved. There can be little doubt that but 
for Captain Hall's knowledge of the law of cyclones, 
his ship and crew would have been placed in serious 
jeopardy, since in the heart of a Chinese typhoon a 
ship has been known to be thrown on her beam-ends 
when not showing a yard of canvas. 

If we consider the regions in which cyclones appear, 
the paths they follow, and the direction in which they 
whirl, we shall be able to form an opinion as to their 
origin. In the open Pacific Ocean (as its name, indeed, 
implies) storms are uncommon ; they are infrequent 
also in the South Atlantic and South Indian Oceans. 
Around Cape Horn and the Cape of Good Hope, 
heavy storms prevail, but they are not cyclonic, nor are 
they equal in fury and frequency, Maury tells us, to 
the true tornado. Along the equator, and for several 
degrees on either side of it, cyclones are also unknown. 
If we turn to a map in which ocean-currents are laid 
down, we shall see that in every * cyclone region ' there 
is a strongly-marked current, and that each current 
follows closely the track which we have denominated 
the storm- cj. In the North Atlantic we have the 
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great Gulf Stream, which sweeps from equatorial 
regions into the Gulf of Mexico, and thence across the 
Atlantic to the shores of Western Europe. In the 
South Indian Ocean there is the * south-equatorial 
current,' which sweeps past Mauritius and Bourbon, 
and thence returns towards the east. In the Chinese 
Sea, there is the north equatorial current, which 
sweeps round the East Indian Archipelago, and then 
merges into the Japanese current. There is also the 
current in the Bay of Bengal, flowing through the 
region in which, as we have seen, cyclones are com- 
monly met with. There are other sea-currents besides 
these which yet breed no cyclones. But we may 
notice two peculiarities in the currents we have named. 
They all flow from equatorial to temperate regions, 
and, secondly, they are all ^ horse-shoe currents.' So 
far as we are aware, there is but one other current 
which presents both these peculiarities, namely — the 
great Austi*alian current between New Zealand and 
the eastern shores of Australia. We have not yet 
met with any record of cyclones occurring over the 
Australian current, but heavy storms are known to 
prevail in that region, and we believe that when these 
storms have been studied as closely as the storms in 
better-known regions, they will be found to present the 
true cyclonic character. 

Now, if we inquire why an ocean current travelling 
from the equator should be a * storm-breeder,' we shall 
find a ready answer. Such a current, carrying the 

■ 

warmth of intertropical regions to the temperate zones. 
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produces in the first place, by the mere difference of 
temperature, important atmospheric disturbances. The 
difference is so great, that Franklin suggested the use 
of the thermometer in the North Atlantic Ocean as a 
ready means of determining the longitude, since the 
position of the Gulf Stream at any given season is 
almost constant. 

But the warmth of the stream itself is not the only 
cause of atmospheric disturbance. Over the warm 
water vapour is continually rising ; and, as it rises, is 
continually condensed (like the steam from a loco- 
motive) by the colder air round. 'An observer on 
the moon,' says Captain Maury, ' would, on a winter's 
day, be able to trace out by the mist in the air, the 
path of the Gulf Stream through the sea.' But what 
must happen when vapour is condensed? We know 
that to turn water into vapour is a process requiring — 
that is, using up — a large amount of heat ; and, con- 
versely, the return of vapour to the state of water sets 
free an equivalent quantity of heat. The amount of 
heat thus set free over the Gulf Stream is thousands 
of times greater than that which would be generated 
by the whole coal supply annually raised in Great 
Britain. Here, then, we have an efficient cause for 
the wildest hurricanes. For, along the whole of the 
Gulf Stream, from Bemini to the Grand Banks, there 
is a channel of heated — that is, rarefied air. Into 
this channel the denser atmosphere on both sides is 
continually pouring, with greater or less strength. 
When a storm begins in the Atlantic, it always makes 
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for this channel) * and, reaching it, turns and follows it 
in its course, sometimes entirely across the Atlantic' 
* The southern points of America and Africa have won 
for themselves,' says Maury, ^ the name of ^^ the stormy 
capesj" but there is not a storm-find in the wide 
ocean can out-top that which rages along the Atlantic 
coasts of North America. The China seas and the 
North Pacific may vie in the fury of their gales with 
this part of the Atlantic, but Cape Horn and the Cape 
of Good Hope cannot equal them, certainly in fre- 
quency, nor do I believe, in fury.' We read of a 
West Indian storm so violent, that ^ it forced the Gulf 
Stream back to its sources, and piled up the water to 
a -height of thirty feet in the Gulf of Mexico, The 
ship ^^ Ledbury Snow *' attempted to ride out the 
storm. When it abated, she found herself high up on 
the dry land, and discovered that she had let go her 
anchor among the tree-tops on Elliott's Key.' 

By a like reasoning we can account for the cyclonic 
storms prevailing in the North Pacific Ocean. Nor 
do the tornadoes which rage in parts of the United 
States present any serious diflSculty. The region 
along which these storms travel is the valley of the 
great Mississippi. This river at certain seasons is 
considerably warmer than the surroimding lands. 
From its surface, also, aqueous vapour is continually 
being raised. When the surrounding air is colder, 
this vapour is presently condensed, generating in the 
change a vast amount of heat. We have thus a channel 
of rarefied air over the Mississippi valley, and this 
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channel becomes a storm-track, like the corresponding 
channels over the warm ocean-currents. The extreme 
violence of land-storms is probably due to the narrow- 
ness of the track within which they are compelled to 
travel. For it has been noticed that the fury of a 
sea-cyclone increases as the range of the * whirl' 
diminishes, and vice versa. 

There seems, however, no special reason why cy- 
clones should follow the storm- c^ in one direction 
rather than in the other. We must, to understand 
this, recall the fact that under the torrid zones the 
conditions necessary for the generation of storms prevail 
far more intensely than in temperate regions. Thus 
the probability is far greater that cyclones should be 
generated at the tropical than at the temperate end of 
the storm- c^- Still it is worthy of notice, that in the 
land-locked North Pacific Ocean, true typhoons have 
been known to follow the storm-track in a direction 
contrary to that commonly noticed. 

The direction in which a true tornado whirls is 
invariably that we have mentioned. The explanation 
of this peculiarity would occupy more space than 
we can here afford. Those readers who may wish to 
understand the origin of the law of cyclonic rotation 
should study Herschel's interesting work on Meteor- 
ology. 

The suddenness with which a true tornado works 
destruction was strikingly exemplified in the wreck of 
the steam-ship ^ San Francisco.' She was assailed by 
an extra-tropical tornado when about 300 miles from 
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Sandy Hook, od December 24, 1853. In a few 

moments she was a complete wreck ! The wide range 

of a tornado's destructiveness is shown by this, that 

Colonel Reid examined one along whose track no less 

than 110 ships were wrecked, crippled, or dismasted. 

(From Temple Bar, December^ 1867.) 
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The eruption in progress, as we write, from Mount 
Vesuvius, and the numerous and violent eruptions 
from this mountain during the two last centuries, seem 
to afford an answer to those who think there are traces 
of a gradually diminishing activity in the earth's inter- 
nal forces. That such a diminution is taking place, we 
may admit ; but that its rate of progress is perceptible 
— that we can point to a time within the historical 
epoch, nay even within the limits of geological evi- 
dence, at which the earth's internal forces were certainly 
more active than they are at the present time — may, 
v^e think, be denied absolutely. 

When the science of geology was but young, and 
its professors sought to compress within a few years 
(at the outside) a series of events which (we now 
know) must have occupied many centuries, there was 
room, indeed, for the supposition that modem volcanic 
eruptions, as compared with ancient outbursts, are but 
as the efforts of children compared with the work of 
giants. And accordingly, we find a distinguished 
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French geologist writing, even so late as 1829, that in 
ancient times * tous les ph^nom^nes g^ologiques se 
passaient dans des dimensions centuples de celles 
qu'ils presentent aujourd'hui.' But now we have such 
certain evidence of the enormous length of the intervals 
within which volcanic regions assumed their present 
appearance — we have such satisfactory means of de- 
termining which of the events occurring within those 
intervals were or were not contemporary — that we are 
safe from the error of assuming that Nature at a single 
effort fashioned widely extended districts just as we 
now see them. And accordingly, we have the evidence 
of one of the most distinguished of living geologists, 
that there is no volcanic mass * of ancient date, distinctlv 
referable to a single eruption, which can even rwal in 
volume the matter poured out from Skaptdr Jokul in 
1783.' 

In the volcanic region of which Vesuvius or Somma 
is the principal vent, we have a remarkable instance of 
the deceptive nature of that state of rest into which 
some of the principal volcanoes frequently fall for 
many centuries together. For how many centuries 
before the Christian era Vesuvius had been at rest, is 
not known ; but this is certain, that from the landing 
of the first Greek colony in Southern Italy, Vesuvius 
gave no signs of internal activity. It was recognised 
by Strabo as a volcanic mountain, but Pliny did not 
include it in the list of active volcanoes. In those 
days, the mountain presented a very different appear- 
ance from that which it now exhibits. In place of the 
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two peaks now seen, there was a single, somewhat 
flattish summit, on which a slight depression marked 
the place of an ancient crater. The fertile slopes of 
the mountain were covered with well-cultivated fields, 
and the thriving cities Herculaneum, Pompeii, and 
Stabiae, stood near the base of the sleeping mountain. 
So little did any thought of danger surest itself in 
those times, that the bands of slaves, murderers, and 
pirates which flocked to the standard of Spartacus 
found a refuge, to the number of many thousands, 
within the very crater itself. 

But though Vesuvius was at rest, the region of 
which Vesuvius is the main vent was far from being 
-SO. The island of Pithecusa (the modern Ischia) was 
shaken by frequent and terrible convulsions. It is 
even related that Prochyta (the modem Procida) was 
rent from Pithecusa in the course of a tremendous 
upheaval, though PHny derives the name Prochyta 
(or * poured forth') from the supposed fact of this 
island having been poured forth by an eruption from 
Ischia. Far more probably, Prochyta was formed 
independently by submarine eruptions, as the volcanic 
islands near Santorin have been produced in more 
recent times. 

So fierce were the eruptions from Pithecusa, that 
several Greek colonies which attempted to settle on 
this island were compelled to leave it. About 380 
years before the Christian era, colonists under King 
Hiero of Syracuse, who had built a fortress on 
Pithecusa, were driven away by an eruption. Nor 
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were eruptions the sole cause of danger. Poisonous 
vapours, such as are emitted by volcanic craters after 
eruption, appear to have exhaled, at times, from ex- 
tensive tracts on Pithecusa, and thus to have rendered 
the island uninhabitable. 

Still nearer to Vesuvius lay the celebrated Lake 
Avemus. The name Avemus is said to be a corrup- 
tion of the Greek word Aornosy signifying ^ without 
birds,' the poisonous exhalations from the waters of the 
lake destroying all birds which attempted to fly over 
its surface. Doubt has been thrown on the destructive 
properties assigned by the ancients to the vapours 
ascending from Avernus. The lake is now a healthy 
and agreeable neighbourhood, frequented, says Hum- 
boldt, by many kinds of birds, which suffer no injury 
whatever even when they skim the very surface of the 
water. Yet there can be little doubt that Avemus 
hides the outlet of an extinct volcano ; and long after 
this volcano had become inactive, the lake which con- 
cealed its site ^ may have deserved the appellation of 
"atri janua Ditis," emitting, perhaps, gases as de- 
structive of animal life as those suffocating vapours 
given out by Lake Quilotoa, in Quito, in 1797, by 
which whole herds of cattle were killed on its shores, 
or as those deleterious emanations which annihilated 
all the cattle in the island of Lancerote, one of the 
Canaries, in 1730.' 

While Ischia was in full activity, not only was 
Vesuvius quiescent, but even Etna seemed to be 
gradually expiring, so that Seneca ranks this volcano 
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among the number of nearly extinguished craters. At 
a later epoch, JElian asserted that the mountain itself 
was sinking, so that seamen lost sight of the simimit at 
a less distance across the seas than of old. Yet within 
the last two hundred years there have been eruptions 
from Etna rivalling, if not surpassing, in intensity the 
convulsions recorded by ancient historians. 

We shall not here attempt to show that Vesuvius 
and Etna belong to the same volcanic system, though 
there is reason not only for supposing this to be the 
case, but for the belief that all the subterranean regions 
whose effects have been shown from time to time over 
the district extending from the Canaries and Azores, 
across the whole of the Mediterranean, and into Syria 
itself, belong to but one great centre of internal action. 
But it is quite certain that Ischia and Vesuvius are 
outlets from a single source. 

While Vesuvius was dormant, resigning for awhile 
its pretensions to be the principal vent of the great 
Neapolitan volcanic system, Ischia, we have seen, was 
rent by frequent convulsions. But the time was ap- 
proaching when Vesuvius was to resume its natural 
functions, and with all the more energy that they had 
been for awhile suspended. 

In the year 63 (after Christ) there occurred a 
violent convulsion of the earth around Vesuvius, 
during which much injury was done to neighbouring 
cities, and many lives were lost. From this period 
shocks of earthquake were felt from time to time for 
sixteen years. These grew gradually more and more 
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violent, until it began to be evident that the volcanic 
fires were about to return to their main vent. The 
obstruction which had so long impeded the exit of the 
confined matter was not however readily removed, and 
it was only in August of the year 79, after numerous 
and violent internal throes, that the superincumbent 
mass was at length hurled forth. Bocks and cinders, 
lava, sand, and scoriae, were propelled from the crater, 
and spread many miles on every side of Vesuvius. 

We have an interesting account of the great 
eruption which followed in a letter from the younger 
Pliny to the younger Tacitus. The latter had asked 
for an account of the death of the elder Pliny, who 
lost his life in his eagerness to obtain a near view of 
the dreadful phenomenon. ^ He was at that time,' 
says his nephew, ^ with the fleet under his command at 
Misenum. On August 24, about one in the afternoon, 
my mother desired him to observe a cloud of very 
extraordinary size and shape. He had just returned 
from taking the benefit of the sun, and, after bathing 
himself in cold water, and taking a slight repast, had 
retired to his study. He arose at once, and went out 
upon a height whence he might more distinctly view 
this strange phenomenon. It was not at this distance 
discernible from what mountain the cloud issued, but 
it was found afterwards that it came from Vesuvius. 
I cannot give a more exact description of its figure 
than by comparing it to that of a pine-tree, for it shot 
up to a great height in the form of a trunk, which 
extended itself at the top into a sort of branches ; 
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occasioned, I suppose, either by a sudden gust of air 
which impelled it, whose force decreased as it advanced 
upwards, or else the cloud itself, being pressed back 
by its own weight, expanded in this manner. The 
cloud appeared sometimes bright, at others dark and 
spotted, as it was more or less impregnated with earth 
and cinders.' 

These extraordinary appearances attracted the curi- 
osity of the elder Pliny. He ordered a small vessel 
to be prepared, and started to seek a nearer view of 
the burning mountain. His nephew declined to ac- 
company him, being engaged with his studies. As 
Pliny left the house, he received a note from a lady 
whose house, being at the foot of Vesuvius, was in 
imminent danger of destruction. He set out, accord- 
ingly, with the design of rendering her assistance, and 
also of assisting others, ^ for the villas stood extremely 
thick upon that lovely coast.' He ordered the galleys 
to be put to sea, and steered directly to the point of 
danger, so cool in the midst of the turmoil around * as 
to be able to make and dictate observations upon the 
motions and figures of that dreadful scene.' As he 
approached Vesuvius, cinders, pumice-stones, and 
black fragments of burning rock, fell on and around 
the ships. ^They were in danger, too, of running 
aground, owing to the sudden retreat of the sea ; vast 
fragments, also, rolled down from the mountain and 
obstructed all the shore.' The pilot advising retreat, 
Pliny made the noble answer, * Fortune befriends the 
brave,' and bade him press onwards to Stabiae. Here 
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he found his friend Pomponianus in great consterna- 
tion, abreadj prepared for embarking and waiting only 
for a change in the wind. Exhorting Pomponianus to 
be of good courage, Pliny quietly ordered baths to be 
prepared; and ^having bathed, sat down to supper 
with great cheerfulness, or at least (which is equally 
heroic) with all the appearance of it' Assuring his 
friend that the flames which appeared in several places 
were merely burning villages, Pliny presently retired 
to rest, and * being pretty fat,' says his nephew, * and 
breathing hard, those who attended without actually 
heard him snore.' But it became necessary to awaken 
him, for the court which led to his room was now 
almost fiUed with stones and ashes. He got up and 
joined the rest of the company, who were consulting 
on the propriety of leaving the house, now shaken 
from side to side by frequent concussions. They 
decided on seeking the fields for safety ; and fastening 
pillows on their heads, to protect them from falling 
stones, they advanced in the midst of an obscurity 
greater than that of the darkest night — though beyond 
the limits of the great cloud it was already broad day. 
When they reached the shore, they found the waves 
running too high to suffer them safely to venture to 
put out to sea. Pliny ^having drunk a draught or 
two of cold water, lay down on a cloth that was spread 
out for him; but at this moment the flames and 
sulphurous vapours dispersed the rest of the company 
and obliged him to rise. Assisted by two of his 
servants, he got upon his feet, but instantly fell down 
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dead; suffocated^ I suppose/ says his nephew, *by 
some gross and noxious vapour, for he always had 
weak lungs and suffered from a diflGiculty of breathing.' 
His body was not found until the third day after his 
death, when for the first time it was light enough to 
search for him. He was found as he had fallen, ^ and 
looking more like a man asleep than dead.' 

But even at Misenum there was danger, though 
Vesuvius is distant no less than fourteen miles. 
The earth was shaken with repeated and violent 
shocks, * insomuch,' says the younger Pliny, ^ that 
they threatened our complete destruction.' When 
morning came, the light was faint and glimmering; 
the buildings around seemed tottering to their fall, 
and, standing on the open ground, the chariots which 
Pliny had ordered were so agitated backwards and 
forwards that it was impossible to keep them steady, 
even by supporting them with large stones. The sea 
was roUed back upon itself, and many marine animals 
were left dry upon the shore. On the side of Vesuvius, 
a black and ominous cloud, bursting with sulphurous 
vapours, darted out long trains of fire, resembling 
flashes of lightning, but much larger. Presently the 
great cloud spread over Misenum and the island of 
CapresB. Ashes feU around the fugitives. On every 
side ^nothing was to be heard but the shrieks of 
women and children, and the cries of men : some were 
calling for their children, others for their parents, 
others for their husbands, and only distinguishing 
each other by their voices : one was lamenting his own 

N 



178 LIGHT SCIENCE FOR LEISURE HOURS. 

fate^ another that of his family ; some wished to die, 
that they might escape the dreadful fear of death ; 
but the greater part imagined that the last and eternal 
night was come, which was to destroy the gods and 
the world together.' At length a light appeared, 
which was not, however, the day, but the forerunner 
of an outburst of flames. These presently disappeared, 
and again a thick darkness spread over the scene. 
Ashes fell heayily upon the fugitives, so that they 
were in danger of being crushed and buried in the 
thick layer rapidly covering the whole country. Many 
hours passed before the dreadful darkness began slowly 
to be dissipated. When at length day returned, and 
the sun was seen faintly shining through the over- 
hanging canopy of ashes, ^ every object seemed changed, 
being covered over with white ashes as with a deep 
snow.' 

It is most remarkable that Pliny makes no mention 
in his letter of the destruction of the two populous 
and important cities, Pompeii and Herculaneum. We 
have seen that at Stabise a shower of ashes fell so 
heavily that several days before the end of the eruption 
the court leading to the elder Pliny's room was begin- 
ning to be filled up ; and when the eruption ceased, 
Stabi© was completely overwhelmed. Far more 
sudden, however, was the destruction of Pompeii and 
Herculaneum. 

It would seem that the two cities were first shaken 
violently by the throes of the disturbed mountain. 
The signs of such a catastrophe have been very com- 
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monlj assigned to the earthquake which happened in 
63, but it seems far more likely that most of them 
belong to the days immediately preceding the great 
outburst in 79. ^ In Pompeii,' says Sir Charles Lyell, 
* both public and private buildings bear testimony to 
the catastrophe. The walls are rent, and in many 
places traversed by fissures still open.' It is probable 
that the inhabitants were driven by these anticipatory 
throes to fly from the doomed towns. For though 
Dion Cassius relates that ^ two entire cities, Hercu- 
laneum and Pompeii, were buried under showers of 
ashes, while all the people were sitting in the theatre,' 
yet Hhe examination of the two cities enables us to 
prove,' says Sir Charles, ^ that none of the people were 
destroyed in the theatre, and, indeed, that there were 
very few of the inhabitants who did not escape from 
both cities. Yet,' he adds, ^ some lives were lost, and 
there was ample foundation for the tale in all its most 
essential particulars.' 

We may note here, in passing, that the account of 
the eruption given by Dion Cassius, who wrote a 
century and a half after the catastrophe, is sufficient 
to prove how terrible an impression had been made 
upon the inhabitants of Campania, from whose descen- 
dants he in all probability obtained the materials of 
his narrative. He writes that, ^ during the eruption, 
a multitude of men of superhuman stature, resembling 
giants, appeared, sometimes on the mountain, and 
sometimes in the environs; that stones and smoke 
were thrown out, the sun was hidden, and then the 

N 2 
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giants seemed to rise again^ while the sounds of trum- 
pets were heard ' — with much other matter of a similar 
sort. 

In the great eruption of 79, Vesuvius poured forth 
lapilli, sand, cinders, and fragments of old lava, but no 
new lava flowed from the crater. Nor does it appear 
that any lava-stream was ejected during the six erup- 
tions which took place during the following ten cen- 
turies. In the year 1036, for the first time, Vesuvius 
was observed to pour forth a stream of molten lava. 
Thirteen years later, another eruption took place; 
then ninety years passed without disturbance, and 
after that a long pause of 168 years. During this 
interval, however, the volcanic system of which 
Vesuvius is the main but not the only vent, had been 
disturbed twice. For it is related that in 1198 the 
Solfatara Lake crater was in eruption ; and in 1302, 
Ischia, dormant for at least 1,400 years, showed signs 
of new activity. For more than a year earthquakes 
had convulsed this island from time to time, and at 
length the disturbed region was relieved by the out- 
burst of a lava stream from a new vent on the south- 
east of Ischia. The lava stream flowed right down to 
the sea, a distance of two miles. For two months, this 
dreadful outburst continued to rage ; many houses were 
destroyed ; and although the inhabitants of Ischia were 
not completely expelled, as happened of old with the 
Greek colonists, yet a partial emigration took place. 

The next eruption of Vesuvius occurred in 1306 ; 
and then three centuries and a quarter passed during 
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which only one eruption, and that an unimportant one 
(in 1500), took place. ^ It was remarked,' says Sir 
Charles Lyell, ^ that throughout this long interval of 
rest, Etna was in a state of unusual activity, so as 
to lend countenance to the idea that the great Sicilian 
volcano may sometimes serve as a channel of discharge 
to elastic fluids and lava that would otherwise rise to 
the vents in Campania.' 

Nor was the abnormal activity of Etna the only 
sign that the quiescence of Vesuvius was not to be 
looked upon as any evidence of declining energy in 
the volcanic system. In 1538 a new mountain was sud- 
denly thrown up in the Phlegraean Fields — a district 
including within its bounds Pozzuoli, Lake Avemus, 
and the Solfatara. The new mountain was thrown up 
near the shores of the Bay of Baiae. It is 440 feet 
above the level of the bay, and its base is about a mile 
and a half in circumference. The depth of the crater 
18 42 1 feet, so that its bottom is only six yards above 
the level of the bay. The spot on which the mountain 
was thrown up was formerly occupied by the Lucrine 
Lake ; but the outburst filled up the greater part of 
the lake, leaving only a small and shallow pool. 

The accounts which have reached us of the formation 
of this new mountain are not without interest. Falconi, 
who wrote in 1538, mentions that several earthquakes 
took place during the two years preceding the outburst, 
and above twenty shocks on the day and night before 
the eruption. * The eruption began on September 29, 
1538. It was on a Sunday, about one o'clock in the 
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night, when flames of fire were seen between the hot- 
baths and Tripergola. In a short time the fire in- 
creased to such a degree that it burst open the earth 
in this place, and threw up a quantity of ashes and 
pumice-stones, mixed with water, which covered the 
whole country. The next morning the poor inhabitants 
of Pozzuoli quitted their habitations in terror, covered 
with the muddy and black shower, which continued 
the whole day in that country — flying from death, but 
with death painted in their countenances. Some with 
their children in their arms, some with sacks full of 
their goods ; others leading an ass, loaded with their 
frightened family, towards Naples. . . . The sea had 
retired on the side of Baiae, abandoning a consider- 
able tract; and the shore appeared almost entirely 
dry, from the quantity of ashes and broken pumice- 
stones thrown up by the eruption.' 

Pietro Giacomo di Toledo gives us some account of 
the phenomena which preceded the eruption : ^ That 
plain which lies between Lake Avemus, the Monte 
Barbaro, and the sea, was raised a little, and many 
cracks were made in it, from some of which water 
issued ; at the same time the sea immediately adjoining 
the plain dried up about two hundred paces, so that 
the fish were left on the sand, a prey to the inhabitants 
of Pozzuoli. At last, on September 29, about two 
o'clock in the night, the earth opened near the lake, 
and discovered a horridmouth,from which were furiously 
vomited smoke, fire, stones, and mud composed of 
ashes, making at the time of the opening a noise like 
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the loudest thunder. The stones which followed were 
by the flames converted to pumice, and some of these 
were larger than an ox. The stones went about as 
high as a cross-bow will carry, and then fell down, 
sometimes on the edge, and sometimes into the mouth 
itself. The mud was of the colour of ashes, and at 
first very liquid, then by degrees less so ; and in such 
quantities that in less than twelve hours, with the help 
of the above-mentioned stones, a mountain was raised 
df 1,000 paces in height Not only Pozzuoli and the 
neighbouring country were full of this mud, but the 
city of Naples also ; so that many of its palaces were 
defaced by it. This eruption lasted two nights and 
two days without intermission, though not always with 
the same force ; the third day the eruption ceased, 
and I went up with many people to the top of the 
new hill, and saw down into its mouth, which was a 
round cavity about a quarter of a mile in circumference, 
in the middle of which the stones which had fallen 
were boiling up just as a cauldron of water boils on 
the fire. The fourth day it began to throw up again, 
and the seventh day much more, but still with less 
violence than the first night. At this time many 
persons who were on the hill were knocked down by 
the stones and killed, or smothered with the smoke.' 

And now, for nearly a century, the whole district 
continued in repose. Nearly five centuries had passed 
since there had been any violent eruption of Vesuvius 
itself; and the crater seemed gradually assuming the 
condition of an extinct volcano. The interior of the 
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crater is described by Bracini, who visited Vesuvitis 
shortly before the eruption of IGSl, in terms that 
would have fairly represented its condition before the 
eruption of 79 : — * The crater was five miles in cir- 
cumference^ and about a thousand paces deep; its 
sides were covered with brushwood, and at the bottom 
there was a plain on which cattle grazed. In the 
woody parts, wild boars frequently harboured. In 
one part of the plain, covered with ashes, were three 
small pools, one filled with hot and bitter water, 
another salter than the sea, and a third hot, but taste- 
less.' But in December 1631, the mountain blew 
away the covering of rock and ciudcrs which supported 
these woods and pastures. Seven streams of lava 
poured from the crater, causing a fearful destruction 
of life and property. Kesina, built over the site of 
Herculaneum, was entirely consumed by a raging 
lava^stream. Heavy showers of rain, generated by 
the steam evolved during the eruption, caused in their 
turn an amount of destruction scarcely less important 
than • that resulting from the lavanstreams. For, 
falling upon the cone, and sweeping thence large 
masses of ashes and volcanic dust, these showers pro- 
duced destructive streams of mud, consistent enough 
to merit the name of * aqueous lava ' commonly as- 
signed to it 

An interval of thirty-five years passed before the 
next eruption. But since 1666 there has been a 
continual series of eruptions, so that the mountain has 
scarcely ever been at rest for more than ten year.' 
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together. OccaBionally there have been two eruptions 
-within a few months ; and it is well worthy of remark 
that, during the three centuries which have elapsed 
since the formation of Monte Nuovo, there has been 
no volcanic disturbance in any part of the Neapolitan 
volcanic district save in Vesuvius alone. Of old, as 
Brieslak well remarks, there had been irregular dis- 
turbances in some part of the Bay of Naples once in 
every two hundred years ; — the eruption of Solfatara 
in the twelfth century, that of Ischia in the fourteenth, 
and that of Monte Nuovo in the sixteenth ; but ^ the 
eighteenth has formed an exception to the rule.' It 
seems clear that the constant series of eruptions from 
Vesuvius during the past two hundred years has 
sufiBced to relieve the volcanic district of which Vesu- 
vius is the principal vent. 

Of the eruptions which have disturbed Vesuvius 
during the last two centuries, those of 1779, 1793, 
and 1822, are in some respects the most remarkable. 

Sir William Hamilton has given a very interesting 
account of the eruption of 1779. Passing over those 
points in which this eruption resembled others, we may 
note its more remarkable features. Sir William 
Hamilton says, that in this eruption molten lava was 
thrown up in magnificent jets to the height of at least 
10,000 feet. Masses of stones and scoriae were to be 
seen propelled along by these lava jets. Vesuvius 
seemed to be surmounted by an enormous column of 
fire. Some of the jets were directed by the wind 
towards Ottajano ; others fell on the cone of Vesuvius, 
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on the outer circular mountain Somma, and on the 
valley between. Falling, still red-hot and liquid, they 
covered a district more than two miles and a half wide 
with a mass of fire. The whole space above this 
district, to the height of 10,000 feet, was filled also 
with the falling and rising lava streams ; so that there 
was continually present a body of fire covering the 
extensive space we have mentioned, and extending 
nearly two miles high. The heat of this enormous 
fire-column was distinctly perceptible at a distance of 
at least six miles on every side. 

The eruption of 1793 presented a different aspect. 
Dr. Clarke tells us that millions of red-hot stones were 
propelled into the air to at least half the height of the 
cone itself; then turning, they fell all around in noble 
curves. They covered nearly half the cone of Vesuvius 
with fire. Huge masses of white smoke were vomited 
forth by the disturbed mountain, and formed them- 
selves, at a height of many thousands of feet above the 
crater, into a huge, ever-moving canopy, through 
which, from time to time, were hurled pitch-black jets 
of volcanic dust, and dense vapours, mixed with 
cascades of red-hot rocks and scoriae. The rain which 
fell from the cloud-canopy was scalding hot. 

Dr. Clarke was able to compare the different ap- 
pearances presented by the lava when it burst from 
the very mouth of the crater, and lower down when it 
had approached the plain. As it rushed forth from its 
imprisonment, it streamed a liquid, white, and brilliantly 
pure river, which burned for itself a smooth channel 
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through a great arched chasm in the side of the moun- 
tain. It flowed with the clearness of ^ honey in regular 
channels^ cut finer than art can imitate^ and glowing 
with all the splendour of the sun. Sir William 
Hamilton had conceived,' adds Dr. Clarke, ' that 
stones thrown upon a current of lava would produce 
no impression. I was soon convinced of the contrary. 
Light bodies, indeed, of five, ten, and fifteen pounds' 
weight, made little or no impression, even at the 
source; but bodies of sixty, seventy, and (eighty 
pounds were seen to form a kind of bed on the surface 
of the lava, and float away with it. A stone of three 
hundredweight, that had been thrown out by the 
crater, lay near the source of the current of lava. I 
raised it up on one end, and then let it fall in upon 
the liquid lava, when it gradually sank beneath the 
surface and disappeared. If I wished to describe the 
manner in which it acted upon the lava, I should say 
that it was like a loaf of bread thrown into a bowl of 
very thick honey, which gradually involves itself in 
the heavy liquid, and then slowly sinks to the bottom.' 
But, as the lava flowed down the mountain slopes, 
it lost its brilliant whiteness ; a crust began to form 
upon the surface of the still molten lava, and this 
crust broke into innumerable fragments of porous 
matter, called scoriae. Underneath this crust — across 
which Dr. Clarke and his companions were able to 
pass without other injury than the singeing of their 
boots — the liquid lava still continued to force its way 
onward and downward past all obstacles. On its 
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arrival at the bottom of the mountain^ says Dr. Clarke, 
* the whole current,' encumbered with huge masses of 
scoriae, ^ resembled nothing so much as a heap of 
unconnected cinders from an iron-foundry,' * rolling 
slowly along,' he says in another place, * and falling 
with a rattling noise over one another.' 

After the eruption described by Dr. Clarke, the 
great crater gradually filled up. Lava boiled up from 
below, and small craters, which formed themselves 
over the bottom and sides of the great one, poured 
forth lava loaded with scoriae. Thus, up to October 
1822, there was to be seen, in place of a regular 
crateriform opening, a rough and uneven surface, 
scored by huge fissures, whence vapour was continually 
being poured, so as to form clouds above the hideous 
heap of ruins. But the great eruption of 1822 not 
only flung forth all the mass which had accumulated 
within the crater, but wholly changed the appearance 
of the cone. An immense abysm was formed, three- 
quarters of a mile across, and extending 2,000 feet 
downwards into the very heart of Vesuvius. Had the 
lips of the crater remained unchanged, indeed, the 
depth of this great gulf would have been far greater. 
But so terrific was the force of the explosion that the 
whole of the upper part of the cone was carried clean 
away, and the mountain reduced in height by nearly a 
full fifth of its original dimensions. From the time of 
its formation the chasm gradually filled up ; so that, 
when Mr. Scrope saw it soon after the eruption, its 
depth was reduced by more than 1,000 feet. 
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Of late, Vesuvius has been as busy as ever. In 
1833 and 1834 there were eruptions ; and it is but 
twelve years since a great outburst took place. Then, 
for three weeks together, lava streamed down the 
mountain slopes. A river of molten lava swept away 
the village of Cercolo, and ran nearly to the sea at 
Ponte Maddaloni. There were then formed ten small 
craters within the great one. But these have now 
united, and pressure from beneath has formed a vast 
cone where they had been. The cone has risen above 
the rim of the crater, and as we write torrents of lava 
are being poured forth. At first the lava formed a 
lake of fire, but the seething mass found an outlet, and 
poured in a wide stream towards Ottajano. Masses of 
red-hot stone and rock are hurled forth, and a vast 
canopy of white vapour hangs over Vesuvius, forming 
at night, when illuminated by the raging mass below, 
a glory of resplendent flame around the summit of the 
mountain. 

It may seem strange that the neighbourhood of so 
dangerous a mountain should be inhabited by races 
free to choose more peaceful districts. Yet, though 
Herculaneum, Pompeii, and Stabiae lie buried beneath 
the lava and ashes thrown forth by Vesuvius, Portici 
and Kesina, Torre del Greco and Torre dell' Annun- 
ziata have taken their place ; and a large population, 
cheerful and prosperous, flourish around the disturbed 
mountain, and over the district of which it is the some- 
what untrustworthy safety-valve. 

It has, indeed, been well pointed out by Sir Charles 
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Lyell that, *the general tendency of subterranean 
movements, when their effects are considered for a 
sufficient lapse of ages, is eminently beneficial, and 
that they constitute an essential part of that mechanism 
by which the integrity of the habitable surface is pre- 
served. Why the working of this same machinery 
should be attended with so much evil, is a mystery far 
beyond the reach of our philosophy, and must probably 
remain so until we are permitted to investigate, not 
our planet alone and its inhabitants, but other parts of 
the moral and material universe with which they may 
be connected. Could our survey embrace other worlds, 
and the events, not of a few centuries only, but of 
periods as indefinite as those with which geology 
renders us familiar, some apparent contradictions might 
be reconciled, and some difficulties would doubtless be 
cleared up. But even then, as our capacities are 
finite, while the scheme of the universe may be in- 
finite, both in time and space, it is presumptuous to 
suppose that all source of doubt and perplexity would 
ever be removed. On the contrary, they might, 
perhaps, go on augmenting in number, although our 
confidence in the wisdom of the plan of nature should 
increase at the same time ; for it has been justly said ' 
(by Sir Humphry Davy) ' that the greater the circle 
of light, the greater the boundary of darkness by 
which it is surrounded.' 

(From the Comhill Magazine, March, 1868.) 
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THE EARTHQUAXE IN PERU. 

The intelligence published last Saturday is suffi- 
cient to prove that the great earthquake which has 
devastated Peru fully equalled^ if it did not surpass, 
the most terrible catastrophes which have ever befallen 
that country. It presents, too, all the features which 
have hitherto characterised earthquakes in this neigh- 
bourhood. These are well worthy of careful study, 
and appear to have an important bearing on the modern 
theory of earthquakes. 

It has been commonly held that the seat of distur- 
bance in the earthquakes which have shaken the 
country west of the Andes has lain always at some 
point or other beneath that range of mountains. The 
fact that several large volcanoes are found in the 
Cordilleras has seemed confirmatory of this view. 
The accounts we have also of the great earthquake at 
Kiobamba in 1797, seem only explicable by supposing 
that the seat of disturbance lay almost immediately 
beneath that city. The inhabitants were flung verti- 
cally upwards into the air, and to such a height that 
Humboldt found the skeletons of many of them on the 
summit of the hill La Culca, on the farther side of the 
small river on which Riobamba is built. The ruins of 
many houses were also flung to the same spot. Here, 
therefore, was evidence of that vertical (or, as Humboldt 
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expresses it, explosive) force which is only to be looked 
for immediately above the centre of concussion. 

Yet the consideration of the evidence aflPorded by 
the news we have just published seems at first sight 
somewhat opposed to this view, and to point rather to 
a seat of disturbance lying considerably to the west of 
the Peruvian shores. * At Chala,' says our informant, 
^ the sea receded, and a wave rose fifty feet, and re- 
turned, spreading into the town a distance of about a 
thousand feet. Three successive times everything 
within range was swept away, followed by twelve 
shocks of earthquake, lasting from three seconds to 
two minutes.' The arrival of great sea-waves before 
the land-shocks were felt seems decisively to indicate 
that the seat of disturbance lay beneath the ocean and 
not beneath the land. We are disposed to believe, 
however, that in the confusion of mind naturally 
resulting from the occurrence of so terrible a catas- 
trophe, the sequence of events may not have been 
very closely attended to, for in other places the arrival 
of the great sea- wave is distinctly described as follow- 
ing the occurrence of the earth-shock. At Arica, for 
example, a considerable interval would seem to have 
elapsed before the terrible sea-wave, which has always 
characterised Peruvian earthquakes, poured in upon the 
town. The agent of the Pacific Steam Navigation 
Company, whose house had been destroyed by the 
earth-shock, saw the great sea-wave while he was 
flying towards the hills. He writes : — * While passing 
towards the hills, with the earth shaking, a great cry 
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went up to heaven. The sea had retired. On clearing 
the town, I looked back and saw that the vessels were 
being carried irresistibly seawards. In a few minutes 
the sea stopped, and then arose a mighty wave fifty 
feet high, and came in with a fearful rush, carrying 
everything before it in terrible majesty. The whole 
of the shipping came back, speeding towards inevitable 
doom. In a few minutes all was completed — every 
vessel was either on shore or bottom upwards.' This, 
then, was undoubtedly the great sea-wave, as com- 
pared with the minor waves of disturbance which cha- 
racterise all earthquakes near the shores of the ocean. 

One remarkable feature in this terrible earthquake 
is ths enormous range of country affected by it. From 
Quito southwards as far as Iquique — or, in other words, 
for a distance considerably exceeding a full third part 
of the whole length of the South American Andes — 
the shock was felt with the most terrible distinctness. 
We have yet to learn how much farther to the north 
and south, and how far inland on the eastern slopes of 
the Andes, the shock was experienced. But there 
can be little doubt that the disturbed country was 
equal to at least a fourth of Europe. 

The portion of the Andes thus disturbed seems to 
be distinct from the part to which the great Chilian 
earthquakes belong. The difference in character be- 
tween the Peruvian and Chilian earthquakes is a 
singular and interesting phenomenon. The difference 
corresponds to a feature long since pointed out by Sir 
Charles Lyell — the alternation, on a grand scale, of 

o 
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districts of active with those of extinct volcanoes. It 
is said that in Chili a year scarcely ever passes with- 
out shocks of earthquake being felt; in certain re- 
gions, not even a mouth. A similar persistence of 
earthquake disturbance characterises Peru. Yet, al- 
though both districts are shaken in this manner, there 
seems to be a distinct evidence of alternating disturb- 
ance as respects the occurrence of great earthquakes. 
Thus in 1797 took place the terrible earthquake of 
Kiobamba. Then, thirty years later, a series of great 
e^'rthquakes shook Chili, permanently elevating the 
whole line of coast to the height of several feet. Now, 
again, after another interval of about thirty years, the 
Andes are disturbed by a great earthquake, and this 
time it is the Peruvian Andes which experience the 
shock. Between Chili and Peru there is a space 
upwards of five himdred miles long, in which no vol- 
canic action has been observed. Singularly enough, 
this very portion of the Andes, to which one would 
imagine the Peruvians and Chilians would fly as to a 
region of safety, is the part most thinly inhabited, in- 
somuch that, as Von Buch observes, it is in some 
places entirely deserted. 

Near Quito the trembling of the earth Is almost in- 
cessant, according to M. Boussingault. He considers 
that the frequency of the movement is due rather to 
the continual falling in of masses of rock which have 
been fractured in recent earthquakes, than to the per- 
sistence of subterranean action. He adds that the 
height of several mountains in the Andes has diminished 
in modem times. He refers, doubtless, to the Peruvian 
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and Columbian Andes, and not to the Chilian. In the 
latter portion of the range there must be a continual 
increase of height, since each earthquake in Chili has 
produced a perceptible recession of the sea. Darwin, 
indeed, relates that near Valparaiso he saw beds of 
sea-shells belonging to recent species at a height of 
about a quarter of a mile above the present sea-level ; 
and he concluded that the land had been raised to this 
height by a series of such small elevations as were 
observed to have taken place during the earthquakes 
of 1822, 1835, and 1837. That a contrary process 
should be going on in Peru, confirms the idea that a 
sort of undulatory or balancing motion is taking place 
— one long stretch of the Cordilleras rising while 
another is sinking. A tradition prevails among the 
Indians of Lican that the mountain called L' Altar, 
or Cassac Urcu — which means ^the chief — was once 
the highest of the sub-equatorial Andes, being higher 
even than Chimborazo ; but, adds the tradition, in the 
reign of Quainia Abomatha, before the discovery of 
America, a prodigious eruption took place which lasted 
no less than eight years, and brought down the summit 
of the mountain. M. Boussingault states that the 
fragments of trachyte which once formed the summit 
of this celebrated mountain are now spread over the 
plain. At present Cotopaxi is the loftiest volcano of 
the Cordilleras, its height being no less than 18,858 
feet. No mountain has ever been the seat of such 
terrible and destructive eruptions as those which have 
burst forth from Cotopaxi. The intensity of the heat 

o 2 
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which preyails during eruption will be readily gathered 
from the circumstance that in January 1803 the 
enormous bed of snow which usually covers the cone 
of the Yolcano was dissolved in a single night. 

It would seem that the Mexican volcanoes also 
belong to the same region of disturbances. Near the 
Isthmus of Panama the great Cordillera of the Andes 
lowers itself to the height of about 800 feet, and 
beyond begins the continuation of the volcanic chain 
in Central America and Mexico. Nor are the volcanoes 
of the West Indian or Caribbee Islands wholly discon- 
nected with the region of disturbance in Southern 
America. And it is rather singular that even the 
earthquakes which have occurred in the valley of the 
Mississippi seem to be connected with the West Indian 
and South American volcanic region. The violent 
earthquakes which took place at New Madrid in 1812 
occurred at exactly the same time as the earthquake of 
Paranas, *so that it is possible,' says Sir Charles 
Lyell, * that these two points are part of one volcanic 
region.' 

(From the Daily News, September 18, 1868.) 



THE GREATEST SEA-WAVE EVER KNOWN 

On August 13, 1868, one of the most terrible calami- 
ties which has ever visited a people befell the unfor- 
tunate inhabitants of Peru. In that land earthquakes 
are nearly as common as rain-storms are with us; 



A GREAT SEA-WAVE. 197 

and shocks by which whole cities are changed into a 
heap of ruins are by no means infrequent. Yet even 
in Peru, ^ the land of earthquakes,' as Humboldt has 
termed it, no such catastrophe as that of August 1868 
had occurred within the memory of man. It was not 
one city which was laid in ruins, but a whole empire. 
Those who perished were counted by tens of thousands, 
while the property destroyed by the earthquake was 
valued at millions of pounds sterling. 

Although 80 many months have passed since this 
terrible calamity took place, scientific men have been 
busily engaged until quite recently in endeavouring to 
ascertain the real significance of the various events 
which were observed during and after the occurrence 
of the earthquake. The geographers of Germany 
have taken a special interest in interpreting the evi- 
dence afforded by this great manifestation of nature's 
powers. Two papers have been written recently on 
the great earthquake of August 13, 1868, one by 
Professor Von Hochstetter, the other by Herr Von 
Tschudi, which present an interesting account of the 
various effects, by land and by sea, which resulted from 
the tremendous upheaving force to which the western 
flanks of the Peruvian Andes were subjected on that 
day. The effects on land, although surprising and 
terrible, yet only differ in degree from those which have 
been observed in other earthquakes. But the progress 
of the great sea-wave which was generated' by the 
upheaval of the Peruvian shores and propagated over 
the whole of the Pacific Ocean differs altogether from 
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any earthquake-phenomena before observed. Other 
earthquakes have indeed been followed by oceanic 
disturbances; but these have been accompanied by 
terrestrial motions, so as to suggest the idea that they 
had been caused by the motion of the sea-bottom, or 
of the neighbouring land. In no instance has it ever 
before been known that a well-marked wave of enor- 
mous proportions should have been propagated over 
the largest ocean tract on our globe, by an earth- 
shock whose direct action was limited to a relatively 
small region, and that region not situated in the 
centre, but on one side of the wide area traversed by 
the wave. 

We propose to give a brief sketch of the history of 
this enormous sea-wave. In the first place, however, 
it may be well to remind the reader of t^ few of the 
more prominent features of the great shock to which 
this wave owed its origin. 

It was at Arequipa, at the foot of the lofty volcanic 
mountain Misti, that the most terrible effects of the 
great earthquake were experienced. Within historic 
times Misti has poured forth no lava-streams, but that 
the volcano is not extinct is clearly evidenced by the 
fact that in 1542 an enormous mass of dust and ashes 
was vomited forth from its crater. On August 13, 
1868, Misti showed no signs of being disturbed. So 
far as their volcanic neighbour was concerned, the 
44,000 inhabitants of Arequipa had no reason to anti- 
cipate the catastrophe which presently befell them. 
At five minutes past five an earthquake shock was 
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experienced, which, though severe, seems to have 
worked Kttle mischief. Half a minute later, however, 
a terrible noise was heard beneath the earth ; a second 
shock more violent than the first was felt ; and then 
began a swaying motion, ^adually increasing in 
intensity. In the course of the first minute this motion 
had become so violent that the inhabitants ran in 
terror out of their houses into the streets and squares. 
In the next two minutes the swaying movement had so 
increased that the more lightly built houses were cast 
to the ground, and the flying people could scarcely 
keep their feet. ^And now,' says Von Tschudi, 
^ there followed during two or three minutes a terrible 
scene. The swaying motion which had hitherto pre- 
vailed changed into fierce vertical upheaval. The 
subterranean roaring increased in the most ten-ifying 
manner : then were heard tlie heart-piercing shrieks of 
the wretched people, the bursting of walls, the crashing 
fall of houses and churches, while over all rolled thick 
clouds of a yellowish-black dust, which, had they 
been poured forth many minutes longer, would have 
suffocated thousands.' Although the shocks had 
lasted but a few minutes, the whole town was de- 
stroyed. Not one building remained uninjured, and 
there were few which did not lie in shapeless heaps of 
ruins. 

At Tacna and Arica, the earth-shock was less 
severe, but strange and terrible phenomena followed 
it. At the former place a circumstance occurred, the 
cause and nature of which yet remain a mystery. 
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About three hours after the earthquake — in other 
words, at about eight o'clock in. the evening — an in- 
tensely brilliant light made its appearance above the 
neighbouring mountains. It lasted for fully half an 
hour, and has been ascribed to the eruption of some as 
yet unknown volcano. 

At Arica the sea-wave produced even more de- 
structive effects than had been caused by the earth- 
quake. About twenty minutes after the first earth- 
shock, the sea was seen to retire, as if about to leave 
the shores wholly dry ; but presently its waters re- 
turned with tremendous force. A mighty wave, 
whose length seemed immeasurable, was seen advancing 
like a dark wall upon the unfortunate town, a large 
part of which was overwhelmed by it. Two ships, the 
Peruvian corvette ^ America ' and the United States 
^ double-ender ' ^ Watertree,' were carried nearly half a 
mile to the north of Arica, beyond the railroad which 
runs to Tacna, and there left stranded high and dry. 
This enormous wave was considered by the English 
vice-consul at Arica to have been fully fifty feet in 
height. 

At Chala, three such waves swept in after the first 
shocks of earthquake. They overflowed nearly the 
whole of the town, the sea passing more than half a 
mile beyond its usual limits. 

At Islay and Iquique similar phenomena were mani- 
festedi At the former town the sea flowed in no less 
than flve times, and each time with greater force. 
Afterwards the motion gradually diminished, but even 
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an hour and a half after the commencement of this 
strange disturbance, the waves still ran forty feet 
above the ordinary level. At Iquique, the people 
beheld the inrushing wave whilst it was still a great 
way off. A dark blue mass of water, some fifty feet 
in height, was seen sweeping in upon the town with 
inconceivable rapidity. An island lying before the 
harbour was completely submerged by the great wave, 
which still came rushing on, black with the mud and 
slime it had swept from the sea bottom. Those who 
witnessed its progress from the upper balconies of their 
houses, and presently saw its black mass rushing close 
beneath their feet, looked on their safety as a miracle. 
Many buildings were indeed washed away, and in the 
low lying parts of the town there was a terrible loss of 
life. After passing far inland the wave slowly re- 
turned seawards, and strangely enough, the sea, which 
elsewhere heaved and tossed for hours after the 
first great wave had swept over it, here came soon 
to rest. 

At Callao a yet more singular instance was afforded 
of the effect which circumstances may have upon the 
motion of the sea after a great earthquake has dis- 
turbed it. In former earthquakes Callao has suffered 
terribly from the effects of the great sea-wave. In 
fact, on two occasions the whole town has been de- 
stroyed, and nearly all its inhabitants have been 
drowned, through the inrush of precisely such waves 
as flowed into the ports of Arica and Chala. But upon 
this occasion the centre of subterranean disturbance 
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must have been so situated that either the wave was 
diverted from Callao, or more probably two waves 
reached Callao from different sources and at different 
times, so that the two undulations partly counteracted 
each other. Certain it is that although the water 
retreated strangely from the coast near Callao, inso- 
much that a wide tract of the sea-bottom was un- 
covered, there was no inrushing wave comparable with 
those described above. The sea afterwards rose and 
fell in an irregular manner, a circumstance confirming 
the supposition that the disturbance was caused by two 
distinct oscillations. Six hours after the occurrence of 
the earth-shock, the double oscillations seem for awhile 
to have worked themselves into unison, for at this time 
three considerable waves rolled in upon the town. 
But clearly these waves must not be compared with 
those which in other instances had made their appear- 
ance within half an hour of the earth-throes. There 
is little reason to doubt that if the separate oscillations 
had reinforced each other earlier, Callao would have 
been completely destroyed. As it was, a considerable 
amount of mischief was effected ; but the motion of the 
sea presently became irregular again, and so continued 
until the morning of August 14, when it began to ebb 
with some regularity. But during the 14th there 
were occasional renewals of the irregular motion, and 
several days elapsed before the regular ebb and flow of 
the sea were resumed. 

Such were among the phenomena presented in the 
region where the earthquake itself was felt. It will 
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be seen at once that within this region, or rather 
along that portion of the sea-coast which falls within 
the central region of disturbance, the true character of 
the sea-wave generated by the earthquake could not 
be recognised. If a rock fall from a lofty cliff into a 
comparatively shallow sea, the water around the place 
where the rock has fallen is disturbed in an irregular 
manner. The sea seems at one place to leap up and 
down ; elsewhere one wave seems to beat against 
another, and the sharpest eye can detect no law in the 
motion of the seething waters. But presently, outside 
the scene of disturbance, a circular wave is seen to 
form, and if the motion of this wave be watched, it is 
seen ' to present the most striking contrast with the 
turmoil and confusion at its centre. It sweeps onwards 
and outwards in a regular undulation. Gradually it 
loses its circular figure (unless the sea-bottom happens 
to be unusually level), showing that although its 
motion is everywhere regular, it is not everywhere 
equally swift. A wave of this sort, though incom- 
parably vaster, swept swiftly away on every side from 
the scene of the great earthquake near the Peruvian 
Andes. It has been calculated that the width of 
this wave varied from one million to five million feet, 
or roughly from 200 to 1,000 miles, while, when in 
mid-Pacific, the length of the wave, measured along 
its sunnnit in a widely curved path from one side to 
another of the great ocean, cannot have been less than 
8,000 miles. 

We cannot tell how deep-seated was the centre of 
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subterranean action ; but there can be no doubt it was 
very deep indeed, because otherwise the shock felt in 
towns separated from each other by hundreds of miles 
could not have been so nearly contemporaneous. 
Therefore the portion of the earth's crust upheaved 
must have been enormous, for the length of the 
region where the direct effects of the earthquake were 
perceived is estimated by Professor Von Hochstetter at 
no less than 240 miles. The breadth of the region is 
unknown, because the slope of the Andes on one side 
and the ocean on the other concealed the motion of the 
earth's crust. 

The great ocean-wave swept, as we have said, in all 
directions around the scene of the earth-throe. Over 
a large part of its course its passage was unnoted, 
because in the open sea the effects even of so vast an 
undulation could not be perceived. A ship would 
slowly rise as the crest of the great wave passed under 
her, and then as slowly sink again. This may seem 
strange, at first sight, when it is remembered that in 
reality the great sea- wave we are considering swept at 
the rate of three or four hundred sea-miles an hour 
over the larger part of the Pacific. But when the 
true character of ocean-waves is imderstood, when it is 
remembered that there is no transference of the water 
itself at this enormous rate, but simply a transmission 
of motion (precisely as when in a high wind waves 
sweep rapidly over a corn-field, while yet each corn- 
stalk remains fixed in the ground), it will be seen 
that the effects of the great sea-wave could only be 
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perceived near the shore. Even there, as we shall 
presently see, there was much to convey the impression 
that the land itself was rising and falling rather than 
that the deep was moved. But among the hundreds 
of ships, which were saiHng upon the Pacific when its 
length and breadth were traversed by the great sea- 
wave, there was not one in which any unusual motion 
was perceived. 

In somewhat less than three hours after the occur- 
rence of the earthquake, the ocean-wave inundated the 
port of Coquimbo, on the Chilian seaboard, some 800 
miles from Arica. An hour or so later it had reached 
Constitticion, 450 miles farther south; and here for 
some three hours the sea rose and fell with strange 
violence. Farther south, along the shore of Chili, 
even to the island of Chiloe, the shore-wave travelled, 
though with continually diminishing force, owing 
doubtless to the resistance which the irregularities of 
the shore opposed to its progress. 

The noirtherly shore-wave seems to have been more 
considerable ; and a moment's study of a chart of the 
two Americas will show that this circumstance is 
highly significant. When we remember that the 
principal effects of the land-shock were experienced 
within that angle which the Peruvian Andes form with 
the long north-and-south line of the Chilian and 
Bolivian Andes, we see at once that had the centre of 
the subterranean action been near the scene where the 
fnost destructive effects were perceived, no sea-wave, or 
but a small one, could have been sent towards the 
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shores of North America. The projecting shores of 
northern Peru and Ecuador could not have failed to 
divert the sea-wave towards the west ; and though a 
reflected wave might have reached California, it would 
only have been after a considerable interval of time, 
and with dimensions much less than those of the sea- 
wave which travelled southwards. When we see that, 
on the contrary, a wave of even greater proportions 
travelled towards the shores of North America, we 
seem forced to the conclusion that the centre of the 
subterranean action must have been so far to the west 
that the sea-wave generated by it had a free course to 
the shores of California. 

Be this as it may, there can be no doubt that the 
wave which swept the shores of Southern California, 
rising upwards of sixty feet above the ordinary sea-level, 
was absolutely the most imposing of all the indirect 
effects of the great earthquake. When we consider that 
even in San Pedro Bay, fully five thousand miles from 
the centre of disturbance, a wave twice the height of 
an ordinary house rolled in with unspeakable violence 
only a few hours after the occurrence of the earth- 
throe, we are most strikingly impressed with the tre- 
mendous energy of the earth's movement. 

Turning to the open ocean, let us track the great 
wave on its course past the multitudinous islands which 
dot the surface of the great Pacific. 

The inhabitants of the Sandwich Islands, which lie 
about 6,300 miles from Arica, might have imagined 
themselves safe from any effects which could be pro- 
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duced by an earthquake taking place so far away from 
them. But on the night between August 13 and 14, 
the sea around this island-group rose in a surprising 
manner, insomuch that many thought the islands were 
sinking and would shortly subside altogether beneath 
the waves. Some of the smaller islands, indeed, were 
for a time completely submerged. Before long, how- 
ever, the sea fell again, and as it did so the observers 
* found it impossible to resist the impression that the 
islands were rising bodily out of the water.' For no 
less than three days this strange oscillation of the sea 
continued to be experienced, the most remarkable ebbs 
and floods being noticed at Honolulu, on the island of 
Woahoo. 

But the sea-wave swept onwards far beyond these 
islands. 

At Yokohama, in Japan, more than 10,500 miles 
from Arica, an enormous wave poured in on August 14, 
but at what hour we have no satisfactory record. So 
far as distance is concerned, this wave affords most 
surprising evidence of the stupendous nature of the 
disturbance to which the waters of the Pacific Ocean 
had been subjected. The whole circumference of the 
earth is but 25,000 miles, so that this wave had 
travelled over a distance considerably greater than 
two- fifths of the earth's circumference. A distance 
which the swiftest of our ships could not traverse in 
less than six or seven weeks had been swept over by 
this enormous undulation in the course of a few 
hours. 
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More complete details reach us from the Southern 
Pacific. 

Shortly before midnight the Marquesas Isles and 
the low-lying Tuamotu group were visited by the 
great wave, and some of these islands were completely 
submerged by it The lonely Opara Isle, where the 
steamers which run between Panama and New Zealand 
have their coaling station, was visited at about half- 
past eleven in the evening by a billow which swept 
away a portion of the coal dep8t. Afterwards great 
waves came rolling in at intervals of about twenty 
minutes, and several days elapsed before the sea re- 
sumed its ordinary ebb and flow. 

It was not until about half-past two on the morning 
of August 14, that the Samoa Isles (sometimes called 
the Navigator Islands) were visited by the great wave. 
The watchmen startled the inhabitants from their 
sleep by the cry that the sea was about to overwhelm 
them ; and already, when the terrified people rushed 
from their houses, the sea was found to have risen far 
above the highest watermark. But it presently began 
to sink again, and then commenced a series of oscilla- 
tions, which lasted for several days and were of a very 
remarkable nature. Once in every quarter of an hour 
the sea rose and fell, but it was noticed that it rose 
twice as rapidly as it sank. This peculiarity is well 
worth remarking. The eminent physicist Mallet 
speaks thus (we follow Lyell's quotation) about the 
waves which traverse an open sea : ^ The great sea- 
wave, advancing at the rate of several miles in a 
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minute, consists, in the deep ocean, of a long low 
swell of enormous volume, having an equal slope 
before and behind, and that so gentle that it might 
pass under a ship without being noticed. But when it 
reaches the edge of soundings, its front slope becomes 
short and steep, while its rear slope is long and gentle.' 
On the shores visited by such a wave, the sea would 
appear to rise more rapidly than it sank. We have 
seen that this happened on the shores of the Samoa 
group, and therefore the way in which the sea rose 
and fell on the days following the great earthquake 
gave significant evidence of the nature of the sea- 
bottom in the neighbourhood of these islands. As 
the change of the great wave's figure could not have 
been quickly communicated, we may conclude with 
certainty that the Samoan Islands are the summits of 
lofty mountains, whose sloping sides extend far towards 
the east. 

This conclusion affords interesting evidence of the 
necessity of observing even the seemingly trifling 
details of important phenomena. 

The wave which visited the New Zealand Isles was 
altogether different in character, affording a note- 
worthy illustration of another remark of Mallet's. He 
says that where the sea-bottom slopes in such a way 
that there is water of some depth close in-shore, the 
great wave may roll in and do little damage ; and we 
have seen that so it happened in the case of the 
Samoan Islands. But he adds, that ^ where the shore 
is shelving, there will be first a retreat of the water, 

p 
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and then the wave will break upon the beach and roll 
far in upon the land.' This is precisely what happened 
when the great wave reached the eastern shores of 
New Zealand, which are known to shelve down to 
very shallow water continuing far away to sea towards 
the east. 

At about half- past three on the morning of August 14, 
the water began to retreat in a singular manner from 
the Port of Littleton, on the eastern shores of the 
southernmost of the New Zealand Islands. At length 
the whole port was left entirely dry, and so remained 
for about twenty minutes. Then the water was seen 
returning like a wall of foam ten or twelve feet in 
height, which rushed with a tremendous noise upon 
the port and town. Towards five o'clock the water 
again retired, very slowly as before, not reaching its 
lowest ebb until six. An hour later, a second huge 
wave inundated the port. Four times the sea retired 
and returned with great power at intervals of about 
two hours. Afterwards the oscillation of the water 
was less considerable, but it had not wholly ceased 
until August 17, and only on the 18th did the regular 
ebb and flow of the tide recommence. 

Around the Samoa group the water rose and fell 
once in every fifteen minutes, while on the shores of 
New Zealand each oscillation lasted no less than two 
hours. Doubtless the different depths of water, the 
irregular conformation of the island groups, and other 
like circumstances, were principally concerned in pro- 
ducing these singular variations. Yet they do not 
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seem fully sufficient to account for so wide a range of 
difference. Possibly a cause yet unnoticed may have 
had something to do with the peculiarity. In waves 
of such enormous extent, it would be quite impossible 
to determine whether the course of the wave-motion 
was directed full upon a line of shore or more or less 
obliquely. It is clear that in the former case the 
waves would seem to follow each other more swiftly 
than in the latter, even though there were no difference 
in their velocity. 

Far on beyond the shores of New Zealand the great 
wave coursed, reaching at length the coast of Australia, 
At dawn of August 14, Moreton Bay was visited by 
five well-marked waves. At Newcastle, on the Hunter 
River, the sea rose and fell several times in a remark- 
able manner, the oscillatory motion commencing at 
half-past six in the morning. But the most significant 
evidence of the extent to which the sea-wave travelled 
in this direction was afforded at Port Fairy, Belfast, 
South Victoria. Here the oscillation of the water was 
distinctly perceived at midday on August 14 ; and yet, 
to reach this point, the sea-wave must not only have 
travelled on a circuitous course nearly equal in length 
to half the circumference of the earth, but must have 
passed through Bass's Straits, between Australia and 
Van Diemen's Land, and so have lost a considerable 
portion of its force and dimensions. When we re- 
member that had not the effects of the earth-shock on 
the water been limited by the shores of South America, 
a wave of disturbance equal in extent to that which 
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travelled westward would have swept towards the 
east, we see that the force of the shock was sufficient 
to have disturbed the waters of an ocean covering the 
whole surface of the earth. For the sea-waves which 
reached Yokohama in one direction and Port Fairy in 
another had each traversed a distance nearly equal to 
half the earth's circumference ; so that if the surface 
of the earth were all sea, waves setting out in opposite 
directions from the centre of disturbance would have 
met each other at the antipodes of their starting- 
point. 

It is impossible to contemplate the effects which 
followed the great earthquake — the passage of a sea- 
wave of enormous volume over fully one-third of the 
earth's surface, and the force with which, on the 
farthermost limits of its range, the wave rolled in upon 
shores more than 10,000 miles from its starting-place 
— without feeling that those geologists are right who 
deny that the subterranean forces of the earth are 
diminishing in intensity. It may be difficult, perhaps, 
to look on the effects which are ascribed to ancient 
earth-throes without imagining for a while that the 
power of modem earthquakes is altogether less. But 
when we consider fairly the share which time had iu 
those ancient processes of change, when we see that 
while mountain ranges were being upheaved or valleys 
depressed to their present position, race after race and 
type after type appeared on the earth, and lived out 
the long lives which belong to races and to types, we 
are recalled to the remembrance of the great work 
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which the earth's subterranean forces are still engaged 
upon. Even now, continents are being slowly de- 
pressed or upheaved ; even now mountain ranges are 
being raised to a new level, table-lands are in process 
of formation, and great valleys are being gradually 
scooped out. It may need an occasional outburst 
such as the earthquake of August 1868 to remind us 
that great forces are at work beneath the earth's 
surface. But in reality, the signs of change have 
long been noted. Old shore-lines shift their place, 
old soundings vary ; the sea advances in one place and 
retires in another ; on every side nature's plastic hand 
is at work modelling and remodelling the earth, in 
order that it may always be a fit abode for those who 
are to dwell upon it. 

(From Fraser'a Mafj/azme, July 1870.) 



THE USEFULNESS OF EARTHQUAKES. 

We have lately had fearful evidence of the energy 
of the earth's internal forces. A vibration which, 
when considered with reference to the dimensions 
of the earth's globe, may be spoken of as an indefi- 
nitely minute quivering limited to an insignificant 
area, has suflSced to destroy the cities and villages 
of whole provinces, to cause the death of thousands 
of human beings, and to effect a destruction of 
property which must be estimated by millions of 
pounds sterling. Such a catastrophe as this serves 
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indeed to show how poor and weak a creature man 
is in presence of the grand workings of nature. The 
mere throes which accompany her unseen subterranean 
efforts suffice to crumble man's strongest buildings in 
a moment into dust^ while the unfortunate inhabitants 
are either crushed to death among the ruins^ or forced 
to remain shuddering spectators of the destruction of 
their homes. 

At first sight it may seem paradoxical to assert 
that earthquakes^ fearfully destructive as they have 
so often proved, are yet essentially preservative and 
restorative phenomena; yet this is strictly the case. 
Had no earthquakes taken place in old times, man 
would not now be living on the face of the earth ; 
if no earthquakes were to take place in future, the 
term of man's existence would be limited within a 
range of time far less than that to which it seems 
likely, in all probability, to be extended. 

If the solid substance of the earth formed a perfect 
sphere in ante-geologic times — that is, in ages pre- 
ceding those to which our present geologic studies 
extend — there can be no doubt that there was then 
no visible land above the surface of the water ; the 
ocean must have formed a uniformly deep covering to 
the submerged surface of the solid globe. In this 
state of things, nothing but the earth's subterranean 
forces could tend to the production of continents and 
islands. Let us be understood. We are not re- 
ferring to the possibility or impossibility that lands 
and seas should suddenly have assumed their present 
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figure without convulsion of any sort; this might 
have happened, since the Creator of all things can 
doubtless modify all things according to His will ; we 
merely say that, assuming that in the beginning, as 
now. He permitted all things to work according to 
the laws He has appointed, then, undoubtedly, the 
submerged earth must have risen above the sea by 
the action of those very forms of force which produce 
the earthquake in our own times. 

However this may be, it is quite certain that 
when once continents and islands had been formed, 
there immediately began a struggle between destruc- 
tive and restorative (rather, perhaps, than preservative) 
forces. 

The great enemy of the land is water, and water 
works the destruction of the land in two principal 
ways. 

In the first place, the sea tends to destroy the land 
by beating on its shores, and thus continually washing 
it away. It may seem at first sight that this process 
must necessarily be a slow one; in fact, many may 
be disposed to say that it is certainly a slow process, 
since we see that it does not alter the forms of continents 
and islands perceptibly in long intervals of time. But, 
as a matter of fact, we have never had an opportunity 
of estimating the full effects of this cause, since its 
action is continually being checked by the restorative 
forces we shall presently have to consider. Were it 
not thus checked, there can be little doubt that its 
effects would be ciunulative ; for the longer the process 
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continued — that is, the more the land was beateti 
away — the higher would the sea rise, and the greater 
power would it have to effect the destruction of the 
remaining land. 

We proceed to give a few instances of the sea's 
power of effecting the rapid destruction of the land 
when nothing happens to interfere with the local 
action —premising, that this effect ^ altogether insig- 
nificant in comparison with that which would take 
place, even in that particular spot, if the sea's action 
>vere everywhere left unchecked. 

The Shetland Isles are composed of substances 
which seem, of all others, best fitted to resist the 
disintegrating forces of the sea — namely, granite, 
gneiss, mica-slate, serpentine, greenstone, and many 
other forms of rock ; yet, exposed as these islands 
are to the uncontrolled violence of the Atlantic Ocean, 
they are undergoing a process of destruction which, 
even within historical times, has produced very note- 
worthy changes. * Steep cliffs are hollowed out,' says 
Sir Charles Lyell, * into deep caves and lofty arches ; 
and almost every promontory ends in a cluster of 
rocks, imitating the forms of columns, pinnacles, and 
obelisks.' Speaking of one of the islands of this 
group. Dr. Hibbert says : * The isle of Stenness pre- 
sents a scene of unequalled desolation. In stormy 
winters, large blocks of stone are overturned, or are 
removed from their native beds, and hurried to a 
distance almost . incredible. In the winter of 1802, a 
tabular mass, eight feet two inches by seven feet, and 
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five feet one Inch thick, was dislodged from its bed, 
and carried to a distance of from eighty to ninety 
feet. In other parts of the Shetland Isles, where the 
sea has encountered less solid materials, the work of 
destruction has proceeded yet more effectively. In 
Roeness, for example, the sea has wrought its way 
so fiercely, that a large cavernous aperture 250 feet 
long has been hollowed out. * But the most sublime 
scene,' says Dr. Hibbert, ^ is where a mural pile of 
porphyry, escaping the process of disintegration that 
is devastating the coast, appears to have been left as 
a sort of rampart against the inroads of the ocean. 
The Atlantic, when provoked by wintry gales, batters 
against it with all the force of real artillery ; and the 
waves, in their repeated assaults, have at length forced 
for themselves an entrance. This breach, named the 
Grind of the Navir, is widened every winter by the 
overwhelming surge that, finding a passage through 
it, separates large stones from its sides, and forces 
them to a distance of no less than 180 feet. In two 
or three spots, the fragments which have been de- 
tached are brought together in immense heaps, that 
appear as an accumulation of cubical masses, the 
product of some quarry.' 

Let us next turn to a portion of the coast-line of 
Great Britain which is neither defended, on the one 
hand, by barriers of rock, nor attacked, on the other, 
by the full fury of the Atlantic currents. Along the 
whole coast of Yorkshire, we find evidences of a con- 
tinual process of dilapidation. Between the projecting 
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headland of Flamborough and Spurn Point (the coast 
of Holdemess), the waste is particularly rapid. Many 
spots, which are now mere sandbanks, are marked in the 
old maps of Yorkshire as the sites of ancient toMms and 
villages. Speaking of Hyde(one of these). Pennant says: 
* Only the tradition is left of this town.' Owthome 
and its church have been for the most part destroyed, as 
also Auburn, Hartbum, and Kilnsea. Mr. Phillips, in 
his ^ Geology of Yorkshire,' states that not unreason- 
able fears are entertained that, at some future time. 
Spurn Point itself will become an island, or be wholly 
washed away, and then the ocean, entering into the 
estuary of the Humber, will cause great devastation. 
Pennant states that * several places, once towns of note 
upon the Humber, are now only recorded in history ; 
and Ravensperg was at one time a rival of Hull, and 
a port so very considerable in 1332, that Edward 
Baliol and the confederated English barons sailed from 
hence to invade Scotland; and Henry IV., in 1399, 
made choice of this port to land at, to effect the deposal 
of Richard II. j yet the whole of this has since been 
devoured by the merciless ocean ; extensive sands, dry 
at low water, are to be seen in their stead.' The same 
Avriter also describes Spurn Point as shaped like a 
sickle, and the land to the north, he says, was * per- 
petually preyed on by the fury of the German Sea, 
which devours whole acres at a time.' 

The decay of the shores of Norfolk and Suffolk is 
also remarkably rapid. Sir Charles Lyell relates 
some facts which throw an interesting light on the 
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ravages which the sea commits upon the land here. 
It was computed that when a certain inn was built at 
Sherringham, seventy years would pass before the sea 
could reach the spot : * the mean loss of land being 
calculated from previous observations to be somewhat 
less than one yard annually.' But no allowance had 
been made for the fact that the ground sloped /rom the 
sea. In consequence of this peculiarity, the waste be- 
came greater and greater every year as the cliff grew 
lower. ^ Between the years 1824 and 1829, no less 
than seventeen yards were swept away ; ' and when Sir 
Charles Lyell saw the place, only a small garden was 
left between the building and the sea. We need hardly 
add that all vestiges of the inn have long since been 
swept away. Lyell also relates that, in 1829, there 
was a depth of water sufficient to float a frigate at a 
point where, less than half a century before, there stood 
a cliff fifty feet high with houses upon it- 

We have selected these portions of the coast of 
Great Britain, not because the destruction of our shores 
is greater here than elsewhere, but as serving to illus- 
trate processes of waste and demolition which are going 
on around all the shores, not merely of Great Britain, 
but of every country oh the face of the earth. Here 
and there, as we have said, there are instances in which 
a contrary process seems to be in action. Low-lying 
banks and shoals are formed — sometimes along stretches 
of coast extending for a considerable distance. But 
when we consider these formations closely, we find 
that they rather afford evidence of the energy of the 
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destructive forces to which the land is subject than 
promise to make up for the land which has been swept 
away. In the first place, every part of these banks 
consists of the debris of other coasts. Now we cannot 
doubt that of earth which is washed away from our 
shores, by far the larger part finds its way to the bottom 
of the deep seas; a small proportion only can be 
brought (by some peculiarity in the distribution of 
ocean-currents, or in the progress of the tidal wave) to 
aid in the formation of shoals and banks. The larger, 
therefore, such shoals and banks may be, the larger 
must be the amount of land which has been washed 
away never to reappear. And although banks and 
shoals of this sort grow year by year larger and 
larger, yet (unless added to artificially) they continue 
always either beneath the surface of the water, in the 
case of shoals, or but very slightly raised above tihe 
surface. Now, if we suppose the destruction of land 
to proceed unchecked, it is manifest that at some period, 
however remote, the formation of shoals and banks 
must come to an end, owing to the continual diminu- 
tion of the land from the demolition of which they 
derive their substance. In the meantime, the bed of 
the sea would be continually filling up, the level of the 
sea would be continually rising, and thus the banks 
would either be wholly submerged through the effect 
of this cause alone, or they would have so slight an 
elevation above the sea-level that they would offer little 
resistance to the destructive effects of the sea, which 
would now have no other land to act upon. 
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But we have yet to consider the second principal 
cause of the wasting away of the land. The cause we 
have just been dealing with acts upon the shores or 
outlines of islands and continents ; the one we have now 
to consider acts upon their interior. It will, perhaps, 
hardly be supposed that the fall of rain upon the land 
could have any appreciable influence in the demolition 
of continents ; but, as a matter of fact, there are few 
causes to which geologists are disposed to ascribe more 
importance. The very fact that enormous deltas have 
been formed at the mouths of many rivers — ^in other 
words, the actual growth of continents through the effects 
of rainfall — is a proof how largely this cause must tend to 
destroy and disintegrate the interiors of our continents. 
Dwelling on this point, Sir Charles Lyell presents the 
following remarkable illustration: * During a tour in 
Spain,' he writes, * I was surprised to see a district of 
gently undulating ground in Catalonia, consisting of 
red and grey sandstone, and in some parts of red marl, 
almost entirely denuded of herbage ; while the roots of 
the pines, holm oaks, and some other trees, were half 
exposed, as if the soil had been washed away by a 
flood. Such is the state of the forests, for example, 
between Oristo and Vich, and near San Lorenzo. But, 
being overtaken by a violent thunderstorm in the month 
of August, I saw the whole surface, even the highest 
levels of some flat-topped hills, streaming with mud, 
while on every declivity the devastation of torrents 
was terrific. The peculiarities in the physiognomy of 
the district were at once explained ; and I was taught 
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that, in speculating on the greater effects which the 
direct action of rain may once have produced on the 
surface of certain parts of England, we need not 
revert to periods when the heat of the climate was 
tropical.' 

Combining the effects of the sea's action upon the 
shores of continents, and of the action of rain upon their 
interior, and remembering that unless the process of 
demolition were checked in some way, each cause would 
act from year to year with new force — one through the 
effects of the gradual rise of the sea-bed, and the other 
through the effects of the gradual increase of the 
surface of ocean exposed to the vaporising action of 
the sun, which increase would necessarily increase the 
quantity of rain yearly precipitated on the land — we 
see the justice of the opinion expressed by Sir John 
Herschel, that, * had the primeval world been con- 
structed as it now exists, time enough has elapsed, and 
force enough directed to that end has been in activity, 
to have long ago destroyed every vestige of land.^ 

We see, then, the necessity that exists for the action 
of some restorative or preservative force sufficient to 
counteract the effects of the continuous processes of 
destruction we have indicated above. If we consider, 
we shall see that the destructive forces owe their effi- 
ciency to their levelling action, that is, to their influence 
in reducing the solid part of the earth to the figure of 
a perfect sphere ; therefore the form of force which is 
equired to counteract them is one that shall tend to 
produce irregularities in the surface-contour of the 
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earth. And it will be remarked, that although upheaval 
is the process which appears at first sight to be the only 
effectual remedy to the levelling action of rains and 
ocean-currents, yet the forcible depression of the earth's 
surface may prove in many instances yet more effec- 
tive, since it may serve to reduce the sea-level in other 
places. 

Now, the earth's subterranean forces serve to pro- 
duce the very effects which are required in order to 
counteract the continual disintegration of the shores 
and interior parts of continents. In the first place, 
their action • is not distributed with any approach to 
uniformity over different parts of the earth's crust, and 
therefore the figure they tend to give to the surface of 
that crust is not that of a perfect sphere. This, of 
itself, secures the uprising of some parts of the solid 
earth above the sea-level. But this is not all. On a 
comparison of the various effects due to the action of 
subterranean forces, it has been found that the forces 
of upheaval act (on the whole) more powerfully under 
continents, and especially under the shore-lines of con- 
tinents, while the forces of depression act most power- 
fully (on the whole) under the bed of the ocean. It need 
hardly be said that whenever the earth is upheaved in one 
part, it must be depressed somewhere else. Not neces- 
sarily at the same instant, it should be remarked. The 
process of upheaval may be either momentarily accom- 
panied by a corresponding process of depression, or the 
latter process may take place by a gradual action of 
the elastic powers of the earth's crust ; but, in one wav 
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or the other, the balance between upheaval and de- 
pression must be restored. Hence, if it can be shown 
that for the most part the forces of upheaval act under- 
neath the land, it follows — though we may not be able 
to recognise the fact by obvious visible signs — that 
processes of depression are taking place underneath the 
ocean. Now, active volcanoes mark the centre of a 
district of upheaval, and nearly all volcanoes are found 
near the sea. It seems as if nature had provided 
against the inroads of the ocean by seating the earth's 
upheaving forces just where they are most wanted. 

Even in earthquake districts which have no active 
vent, the same law is found to prevail. It is supposed 
by the most eminent seismologists that earthquake re- 
gions around a volcano, and earthquake regions appa- 
rently disconnected from any outlet, differ only in this 
respect, that in the one case the subterranean forces 
have had sufficient power to produce the phenomena of 
eruption, while in the other they have not. * In earth- 
quakes,' says Humboldt, * we have evidence of a vol- 
cano-producing force ; but such a force, as universally 
diffused as the internal heat of the globe, and proclaim- 
ing itself everywhere, rarely acts with sufficient energy 
to produce actual eruptive phenomena; and when it 
does so, it is only in isolated and particular places.' 

Of the influence of the earth's subterranean forces in 
altering the level of land, we might quote many re- 
markable instances, but considerations of space compel 
us to confine ourselves to two or three. The slow pro- 
cesses of upheaval or depression may, perhaps, seem 
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less immediately referrible to subterranean action than 
those which are produced during the progress of an 
actual earthquake. We pass over, therefore, such phe- 
nomena as the gradual uprising of Sweden, the slow 
sinking of Greenland, and (still proceeding westward) 
the gradual uprising of Nova Scotia and the shores of 
Hudson's Bay. Remarkable and suggestive as these 
phenomena really are, and indisputable as the evidence 
is on which they rest, they will probably seem much 
less striking to our readers than those which we are 
now about to quote. 

On the 19th of November, 1822, a widely felt and 
destructive earthquake was experienced in Chili. On 
the next day, it was noticed for the first time that a 
broad line of sea-coast had been deserted by the sea 
for more than one hundred miles. A large part of this 
tract was covered by shell-fish, which soon died, and 
exhaled the most oflfensive effluvia. Between the old 
low-water mark and the new one, the fishermen found 
burrowing shells, which they had formerly had to search 
for amidst the surf. Rocks some way out to sea 
which had formerly been covered, were now dry at half 
ebb-tide. 

Careful measurements showed that the rise of the 
land was greater at some distance inshore than along 
the beach. The water-course of a mill about a mile 
inland from the sea had gained a fall of fourteen inches 
in little more than a himdred yards. At Valparaiso, 
the rise was three feet ; at Quintero, four feet. 

In February 1835, and in November 1837, a large 

Q 
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tract of Chili was similarly shaken, a permanent rise of 
two feet following the former earthquake^ and a rise of 
eight feet the latter. 

The earthquake which took place at Cutch in 181 9 is 
perhaps in some respects yet more remarkable. In this 
instance^ phenomena of subsidence, as well as pheno- 
mena of upheaval, were witnessed. The estuary of 
the Indus, which had long been closed to navigation — 
being, in fact, only a foot deep at ebb-tide, and never 
more than six feet at flood — was deepened in parts to 
more than eighteen feet at low-water. The fort and 
village of Sindree were submerged, only the tops of 
houses and walls being visible above the water. But 
although this earthquake seemed thus to have a land- 
destroying, instead of a land-creating effect, yet the 
instances of upheaval were, even in this case, far more 
remarkable than those of depression. ^Immediately 
after the shock,' says Sir Charles Lyell, *the inhabi- 
tants of Sindree saw at a distance of five miles and a 
half from their village a long elevated mound, where 
previously there had been a low and perfectly level 
plain. To this uplifted tract they gave the name of 
Ullah-Bund, or the " Mound of God," to distinguish it 
from several artificial dams previously thrown across 
the eastern arm of the Indus. It has been ascertained,' 
he adds, ^ that this new-raised country is upwards of 
fifty miles in length from east to west, running parallel 
to the line of subsidence which caused the grounds 
around Sindree to be flooded. The breadth of the ele- 
vation is conjectured to be in some parts sixteen miles. 
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and its greatest ascertained height above the original 
level of the delta is ten feet — an elevation which ap- 
pears to the eye to be very uniform throughout.' 

(From Chambers's Journal^ Nov. 7, 1868.) 



THE FORCING POWER OF RAIN. 

There is an old proverb which implies that England 
need never fear drought ; and we have had clear evi- 
dence this year that an exceptionally dry summer is 
not necessarily followed by a bad harvest. But we 
believe that when a balance is carefully struck between 
the good and the evil effects resulting from excessive 
drought in England, it will be found that the latter 
largely prevail. In fact, it is only necessary to observe 
the effects which have followed the recent wet weather 
to recognise the fact that rain has a forcing power, the 
very diminished supply of which at the due season 
cannot fail to have seriously injurious effects. In 
various parts of England we see evidences of the action 
of such a power during the present autumn in the 
blossoming of trees, in the flowering of primroses and 
other spring plants, in rich growths of fungi, and in 
various other ways. It cannot be doubted that there 
is here a comparative waste of powers, which, ex- 
pended in due season, would have produced valuable 
results. 

The modern theories of the correlation of force 
suffice to show how enormous a loss a country suffers 
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when there is a failure in the supply of rain, or when 
that supply comes out of its due season. When we 
consider rain in connection with the causes to which 
it is due, we begin to recognise the enormous amount 
of power of which the ordinary rainfall of a coimtry is 
the representative ; and we can well understand how it 
is that ^ the clouds drop fatness on the earth.' 

The sun's heat is, of course, the main agent — we 
may almost say the only agent — in supplying the rain- 
fall of a country. The process of evaporation carried 
on over large portions of the ocean's surface is con- 
tinually storing up enormous masses of water in the 
form of invisible aqueous vapour, ready to be trans- 
formed into cloud, then wafted for hundreds of miles 
across seas and continents, to be finally precipitated 
over this or that country, according to the conditions 
which determine the downfall of rain. These processes 
do not appear, at first sight, indicative of any very 
great expenditure of force, yet in reality the force- 
equivalent of the rain-supply of England alone for a 
single year is something positively startling. It has 
been calculated that the amount of heat required to 
evaporate a quantity of water which would cover an 
area of 100 miles to a depth of one inch would be equal 
to the heat which would be produced by the combustion 
of half a million tons of coals. The amount of force 
of which this consumption of heat would be the equiva- 
lent corresponds to that which would be required to 
raise a weight of upwards of one thousand millions of 
tons to a height of one mile. Now, when we remember 
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that the area of Great Britain and Ireland is about 
120,000 square miles, and that the annual rainfall 
averages about 25 inches, we see that the force-equi- 
valent of the rainfall is enormous. All the coal 
which could be raised from our English coal-mines in 
thousands of years would not give out heat enough 
to produce England's rain-supply for a single year. 
When to this consideration we add the circumstance 
that the force of rain produces bad as well as good 
effects — the former when the rain falls at undue 
seasons or in an irregular manner, the latter only 
when the rainfall is distributed in the usual manner 
among the seasons — we see that an important loss 
accrues to a country in such exceptional years as the 
present. 

There are few subjects more interesting than those 
depending on the correlation of physical forces ; and 
we may add that there are few the study of which 
bears more largely on questions of agricultural and 
commercial economy. It is only of late years that the 
silent forces of nature — forces continually in action, 
but which are too apt to pass unnoticed and unrecog- 
nised —have taken their due place in scientific inquiry. 
Strangely enough, the subject has been found to have 
at once a most practical bearing on business relations, 
and an aspect more strikingly poetical than any other 
subject, perhaps, which men of science have ever taken 
in hand to investigate. We see the ordinary processes 
of nature, as they are termed, taking their place in 
the workshop of modern wealth, and at the same time 
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exhibited in a hundred striking and interesting physical 
relations. What, for instance, can be stranger or more 
poetical than the contrast which Professor Tjndall has 
instituted between that old friend to the agriculturist — 
the wintry snow-flake — and the wild scenery of the 
Alps ? * I have seen/ he says, * the wild stone- 
avalanches of the Alps, which smoke and thunder down 
the declivities with a vehemence almost sufficient to 
stun the observer. I have also seen snow-flakes 
descending so softly as not to hurt the fragile spangles 
of which they were composed; yet to produce from 
aqueous vapour a quantity which a child could carr}- 
of that tender material demands an exertion of energy 
competent to gather up the shattered blocks of the 
largest stone-avalanche I have ever seen, and pitch 
them to twice the height from which they fell.' 

We may point out in this place the important con- 
nection which exists between the rainfall of a country 
and the amount of forest land. We notice that in 
parts of America attention is being paid — with mark- 
edly good results — ^to the influence of forests in encou- 
raging rainfall. We have here an instance in which 
cause and effect are interchangeable. Rain encourages 
the growth of an abimdant vegetation, and abundant 
vegetation in turn aids to produce a state of the super- 
incumbent atmosphere which encourages the precipita- 
tion of rain. The consequence is, that it is very 
necessary to check, before it is too late, the processes 
which lead to the gradual destruction of forests. If 
these processes are continued until the climate hsA 
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become excessively dry, it is almost impossible to 
remedy the mischief, simply because the want of 
moisture is destructive to the trees which may be 
planted to encourage rainfalls. Thus there are few 
processes more difficult (as has been found by expe- 
rience in parts of Spain and elsewhere) than the change 
of a^ arid region into a vegetation-covered district. 
In fact, if the region is one of great extent, the 
attempt to effect such a change is a perfectly hopeless 
one. On the other hand, the contrary process — that is, 
the attempt to change a climate which is too moist into 
one of less humidity — is in general not attended with 
much difficulty. A judicious system of clearing nearly 
always leads to the desired result 

The dryness of the past year has not been due to 
the want of moisture in the air, nor to the exceptionally 
unclouded condition of our skies. We believe that, on 
the whole, the skies have been rather more cloudy 
than usual this year. The fact that so little dew has 
fallen is a sufficient proof that the nights have been on 
the whole more cloudy than usual, since, as is well 
known, the presence of clouds, by checking the radia- 
tion of the earth's heat, prevents (or at least diminishes) 
the formation of dew. The fact would seem to be that 
the westerly and south-westerly winds which usually 
blow over England during a considerable part of the 
year, bringing with them large quantities of aqueous 
vapour from above the great Gulf Stream, have this 
year blown somewhat higher than usual. Why this 
should be it is not very easy to say. The height of 



232 LIGHT SCIENCE FOR LEISURE HOURS. 

the vapour-laden winds is usually supposed to depend 
on the heat of the weather. In summer^ for instance, 
the clouds range higher, and therefore travel farther 
inland before they fall in rain. In winter, on the con- 
trary, they travel low, and hence the rain falls more 
freely in the western than in the eastern counties 
during winter. A similar relation prevails in the 
Scandinavian peninsula — Norway receiving more rain 
in winter than in summer, while Sweden receives more 
rain in summer than in the winter. But this summer 
the rain-clouds have blown so much higher than usual 
as to pass beyond England altogether. Possibly we 
may find an explanation in the fact that before reaching 
our shores at all the clouds were relieved by heavy 
rainfalls — probably due to some exceptional electrical 
relations — over parts of the Atlantic Ocean. It is 
stated that the steam-ships from America this summer 
were, in many instances, drenched by heavy showers 
until they neared the coasts of England. 

(From the Daily Neu^ October 5, 1868.) 



A SHOWER OF SNOW- CRYSTALS. 

Yesterday morning a remarkably fine fall of snow- 
stars took place over many parts of London. The 
crystals were larger and more perfectly formed than is 
commonly the case in our latitudes, where the con- 
ditions requisite for the formation of these beautiful 
objects are less perfectly fulfilled than in more northerly 
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regions. Many forms were to be noticed which the 
researches of Scoresby, Glaisher, and Lowe have 
shown to be somewhat uncommon. 

Many of our readers will perhaps be surprised to 
learn that no less than 1000 different kinds of snow- 
crystals have been noticed by the observers named 
above, and that a large proportion of them have been 
figured and described. The patterns are of wonderful 
beauty. A strange circumstance connected with these 
objects is the fact that for the most part they are found, 
on a close examination, to be formed of minute 
coloured crystals — some red, some green, others blue 
or purple. In fact, all the colours of the rainbow are 
to be seen in the delicate tracery of these fine hexa- 
gonal stars. So that in the perfect whiteness of the 
driven snow we have an illustration of the well-known 
fact that the colours of the rainbow combine to form 
the purest white. For the common snow-flake is 
formed of a large number of such tiny crystals as were 
falling yesterday ; though their beauty is destroyed in 
the snow-flake, through the effects of collision and 
partial melting. It may not be very commonly known 
that ordinary ice, also, is composed of a combination of 
crystals presenting all the regularity of formation seen 
in the snow-crystals. This would scarcely be believed 
by any one who examined a rough mass of ice taken 
from the surface of a frozen lake. Yet, if a slice be 
cut from the mass and placed in the sun's light, or 
before a fire, the beautiful phenomena called ice-flowers 
make their appearance — * A fairy seems to have 
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breathed upon the ice, and caused transparent flowers 
of exquisite beauty suddenly to blossom in myriads 
within it.' 

When we remember that the enormous icebergs of 
the Arctic and Antarctic seas, the snow-caps which 
crown the Alps and Andes and Himalayas, and the 
glaciers which urge their way with resistl^s force down 
the mountain valleys, are all made up of these delicate 
and beautiful snow-flowers, we are struck with the 
force of the strange contrasts which Nature presents to 
our contemplation. We may say of the snow-crystals 
what Tennyson said of the small sea-shelL Each 
snow-star is 

Frail, but a work divine, 
Made so fairily well, 
So exquisitely minute, 
A miracle of design. 

Yet — massed together with all the prodigality of 
Nature's unsparing hand — ^they crown the everlasting 
hills ; or, falling in avalanche and glacier, overwhelm 
the stoutest works of man ; or, in vast islands of float- 
ing ice, show themselves to be 

Of force to withstand, year upon year, the shock 

Of cataract seas that snap the three-decker*s oaken spine. 

(From the Daily News, March 11, 1869.) 
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LONG SHOTS. 

OuE artillerists have paid more attention of late 
years to the destructive properties of various forms of 
cannon than to the question of range. It was different 
when first the rifling of cannon was under discussion. 
Then the subject which was most attentively con- 
sidered (after accuracy of fire) was the range which 
might possibly be attained by various improvements in 
the structure of rifled cannon. Many of our readers 
will remember how, soon after the construction of 
Armstrong guns had been commenced in the Govern- 
ment factories, a story was spread abroad of the 
wonderful practice which had been made with this gun 
at a range of seven miles. At that tremendous range, 
a shot had been fired into the middle of a flock of 
geese, according to one version of the story ; but this 
was presently improved upon, and we were told that a 
bird had been singled out of the flock by the artillerists 
and successfully * potted.' Many believed this little 
narrative ; though some few, influenced perhaps by the 
consideration that a flock of geese would not be visible 
at a distance of seven miles, were obstinately in- 
credulous. Presently it turned out that the Arm- 
strong gun was incapable of throwing a shot to a 
distance of seven miles; so that a certain air of 
improbability has since attached to the narrative. 
Still there were not wanting those who referred to 
* Queen Anne's pocket-pistol ' — the cannon which was 
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able to throw shot across the Straits of Dover ; and in 
the fulness of their faith in that mythical piece of 
ordnance, they refused to believe that the skill of 
modem artUlerists was unequal to the construction of 
cannon even more effective. 

If there are any who still believe in the powers 
ascribed to the far-famed * pocket-pistol,' they will find 
their confidence in modem artillery largely shaken by the 
announcement that it is considered a great matter that 
one of Whitworth's cannon should have thrown a shot 
to a distance of very nearly six and a half miles. Not 
only is this so, however, but it is well known that no 
piece of ordnance has ever flung a projectile to so great 
a distance since first fire-arms were invented ; and it 
may be safely predicted that men will never be able to 
construct a cannon which — as far as range is concerned 
— will do much better than this one of Mr. Whitworth's. 
The greatest range which had ever before been ob- 
tained fell somewhat short of six miles. The 7-inch 
steel gun contrived by Mr. Lynall Thomas had flung 
a projectile weighing 175 lbs. to a distance of 10,075 
yards ; and, according to General Lefroy's ^ Handbook 
of Artillery,' that was the greatest range ever recorded. 
But Mr. Whitworth's cannon throws a shot more than 
1000 yards farther. 

Very few have any idea of the difficulties which 
oppose themselves to the attainment of a great range 
in artillery practice. It may seem, at first sight, the 
simplest possible matter to obtain an increase of 
range. Let the gun be made but strong enough to 
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bear a sufficient charge, and^i^ange seems to be merely 
a question of the quantity of powder made use of. But 
in reality the matter is much more complicated. The 
artillerist has to contrive that the whole of the powder 
made use of shall be burned before the shot leaves the 
cannon, and yet that the charge shall not explode so 
rapidly as to burst the cannon. If he used some forms 
of powder, very useful for special purposes, half the 
charge would be blown out without doing its share of 
work. On the other hand, there are some combustibles 
— as gun-cotton and the nitrates — which burn so fast 
that the gun would be likely to burst before the shot 
could be expelled. Then, again, the shot must fit so 
closely that there shall be no windage, and yet not so 
closely as to resist too much the action of the exploding 
powder. Again, there is the form of the shot to be 
considered. A sphere is not the solid which passes 
most readily through a resisting medium like the air ; 
and yet, other projectiles, which are best so long as 
they maintain a certain position, meet with a greater 
resistance when once they begin to move unsteadily. 
The conoid used in ordinary rifle practice, for example, 
passes much more freely through the air, point first, 
than an ordinary spherical bullet ; but if the point did 
not travel first, as would happen but for the rifling, or 
even if the conoidal bullet ^ swayed about ' on its 
course, it would meet with more resistance than a 
spherical bullet Hence the question of ^ fast or slow 
rifling ' has to be considered. ' Fast rifling ' gives the 
greater spin, but causes more resistance in the exit of 
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the shot from the barrel ; with * slow-rifling,' these con- 
ditions are reversed. 

And then the common notion is that a cannon ball 
travels in the curve caUed a parabola, and that artil- 
lerists have nothing to do but to calculate all about 
this parabola, and to deduce the range from the initial 
velocity according to some simple principles deduced 
from the properties of the curve. All this is founded 
on a complete misapprehension of the true difficulties 
in the way of the problem. Only projectiles thrown 
with small velocity from the earth travel in parar 
bolic paths. A cannon-ball follows a wholly different 
kind of curve. The resistance of the air, which 
seems to most persons a wholly insignificant item in 
the inquiry, is so enormous in the case of a cannon-ball 
as to become by far the most important difficulty in 
the way of the practical artillerist. When a 250-lb. 
shot is hurled with such force from a gun as to cover a 
range of six miles, the resistance of the air is about 
forty times the weight of the ball — that is, is equiva- 
lent to a weight of upwards of four tons. The range 
in such a case as this is but a small fraction of that 
which would be given by the ordinary parabolic 
theory. 

As regards artillery practice in war, there are other 
difficulties in the attainment of a very extended range. 
Cannon meant for battering down forts cannot possibly 
be used in the same way that Whitworth's was used 
at Shoeburyness. If the shot flung from this gun at 
an elevation of thirty-three degrees could have been 
watched, it would have been found that it fell to the 
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earth at a much greater angle — that is, much more 
nearly in a perpendicular direction. On the ordinary 
parabolic theory,, of course, the angle of fall would be 
the same as the angle of elevation, but under actual 
circumstances there is an important difference. If 
forts are to be battered down, however, it will not 
serve that they should be struck from above; our 
artillerists must perforce keep to the old method of 
pounding away at the face of the forts they attack. 
Therefore, an elevation which is all very well for 
mortars — that is, when the question merely is of fling- 
ing a bomb into a town or fortress — ^is utterly unsuited 
for ordinary artillery. With an elevation of ten 
degrees, Whitworth's cannon scarcely projected the 
250->lb. shot to a distance of three miles. 

The progress of the modem science of gunnery 
certainly tends to increase the distance at which armies 
will engage each other. With field artillery flinging 
shot to a distance of two or three miles, and riflemen 
able to make tolerably sure practice at a distance of 
three-quarters of a mile, we are not likely often to hear 
of hand-to-hand conflicts in future warfare. The use 
of breech-loaders will also tend to the same effect. 
Hitherto we have scarcely had experience of the re- 
sults which these changes are to produce on modem 
warfare. At Sadowa breech-loaders did not encounter 
breech-loaders, and it was easy for the victors in that 
battle to come to close-quarters with their enemies. 
But in a battle where both sides are armed with 
breech-loaders, we shall probably see another sort of 
affair altogether. The bayonet will be an almost useless 
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addition to the soldier's arms ; a charge of cavahy upon 
well-armed infantry will be almost as hopeless as the 
famous Balaclava charge ; and the artillery on either 
side will have to play a game at long shots. We ven- 
ture to anticipate that the first great European war 
will introduce a total change into the whole system of 

warlike manoeuvres.* 

(From the DaUy NewSj November 1868.) 



INFLUENCE OF MARRIAGE ON THE DEATH- 
RATE. 

The Royal Commission on the Law of Marriage has 
attracted attention to many singular and instructive 
results of modem statistical inquiry. Not the least 
important of these is the apparent influence of marriage 
on the death-rate. For several years it has been 
noticed by statisticians that the death-rate of unmarried 
men is considerably higher than the death-rate of 
married men and widowers. We believe that Dr. 
Stark, Registrar-General for Scotland, was one of the 
first to call attention to this peculiarity, as evidenced 
by the results of two years' returns for Scotland. But 
the law has since been confirmed by a far wider range 
of statistical inquiry. The relative proportion between 
the death-rates of the married and of the unmarried is 
not absolutely uniform in different countries, but it is 
fairly enough represented by the following table, which 

* The reader need hardly be reminded of the most complete fiilfilment 
of this anticipation. 
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exhibits the mortality per thousand of married and 
unmarried men in Scotland :— 



Ages. 


Hiubands and WidowerB. 


Unmarried. 


20 to 25 


6-26 


12-31 


25 to 30 


8-23 


14-04 


30 to 35 


8-65 


15-04 


35 to 40 


11-67 


1602 


40 to 45 


14-07 


18-35 


45 to 50 


17-04 


21-18 


50 to 55 


19-54 


26-34 


55 to 60 


26-14 


28-54 


60 to 65 


35-63 


44-54 


65 to 70 


52-03 


60-21 


70 to 75 


81-56 


102-71 


75 to 80 


117-85 


143-94 


80 to 85 


173-88 


195-40 



From this table we are to understand that out of 
one hundred thousand married persons (including 
widowers) from 20 to 25 years old, 626 die in the 
course of each year; while out of a similar number 
of unmarried persons, between the same ages, no less 
than 1,231 die in each year. And in like manner all 
the other lines of the table are to be interpreted. 

Commenting on the evidence supplied by the above 
figures. Dr. Stark stated that ' bachelorhood is more 
destructive to life than the most unwholesome trades, 
or than residence in an unwholesome house or district, 
where there has never been the most distant attempt 
at sanitary improvement of any kind.' And this view 
has been very generally accepted, not only by the public, 
but by professed statisticians. Yet as a matter of fact, 
we believe that no such inferences can legitimately 
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be drawn from the above table. Dr. Stark appears to 
us to have fallen into the mistake^ which M. Quetelet 
tells us is so common, of trying to make his statistics 
carry more weight than they are capable of bearing. 
It is important that the matter should be put in a 
just light, for the Royal Commission on the Law of 
Marriage has revealed no more striking fact than that 
of the prevalence of immature marriages, and such 
reasoning as Dr. Stark's certainly cannot tend to dis- 
courage these imwise alliances. If death strikes down 
in five years only half as many of those who are mar- 
ried as of those who are unmarried between the age of 
20 and 25 (as appears &om the above table), and if the 
proportion of deaths between the two classes goes on 
continually diminishing in each successive lustre (as is 
also shown by the above table), it seems reasonable to 
infer that the death-rate would be even more strikingly 
disproportionate in the case of persons between the 
ages of fifteen and twenty than in the case of persons 
between the ages of twenty and twenty-five. We be- 
lieve, indeed, that if Dr. Stark had extended his table 
to include the former ages, the result would have been 
such as we have indicated. Yet few will suppose that 
such very youthful marriages can exercise so singularly 
beneficial an efiect. 

To many Dr. Stark's conclusion may appear to be a 
natural and obvious sequitur from the evidence upon 
which it is founded. Admitting the facts — and we see 
no reason for doubting them — it may appear at first 
sight that we are bound to accept the conclusion that 
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matrimony is favourable to longevity. Yet the con- 
sideration of a few parallel cases will suffice to show 
how small a foundation the figures we have quoted 
supply for such a conclusion. What would be thought, 
for example, of any of the following inferences?— 
Among hot-house plants there is observed a greater 
variety and brilliancy of colour than among those 
which are kept in the open air, therefore the housing 
of plants conduces to the splendour of their colouring. 
Or again : — The average height of Life Guardsmen is 
greater than that of the rest of the male population, 
therefore to be a Life Guardsman conduces to tallness 
of stature. Or to take an example still more closely 
illustrative of Dr. Stark's reasoning — the average 
longevity of noblemen exceeds that of untitled persons, 
therefore to have a title is conducive to longevity ; or 
to borrow his words, * to remain without a title is more 
destructive to life than the most unwholesome trades, 
or than residence in an unwholesome house or district, 
where there has never been the most distant attempt 
at sanitary improvement of any kind.' 

We know that the inference is absurd in each of the 
above instances, and we are able at once to show where 
the flaw in the reasoning lies. We know that splendid 
flowers are more commonly selected for housing and 
that Life Guardsmen are chosen for their tallness, so 
that we are prevented from falling into the mistake of 
ascribing splendour of colour in the one instance, or 
tallness in the other, to the influence of causes which 
have nothing whatever to do with those attributes;. 

B 2 
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nor is anyone likely to ascribe the longevity of our 
nobility to the possession of a title. Yet there is 
nothing in any one of the above inferences which is in 
reality more unsound than Dr. Stark's inference from 
the mortality bills, when the latter are considered 
with due reference to the principles of interpretation 
which statisticians are bound to follow. 

The fact is, that in dealing with statistics the utmost 
care is required in order that our inferences may not 
be pushed beyond the evidence afforded by our facts. 
In the present instance, we have simply to deal with 
the fact that the death-rate of unmarried men is higher 
than the death-rate of married men and widowers. 
From this fact we cannot reason as Dr. Stark has done 
to a simple conclusion. All that we can do is to show 
that one of three conclusions must be adopted : — Either 
matrimony is favourable (directly or indirectly) to 
longevity, in a degree sufficient wholly to account for 
the observed peculiarity ; or a principle of selection — 
the effect of which is such as, on the whole, to fill the 
ranks of married men from among the healthier and 
stronger portion of the community — operates in a 
sufficient degree to account wholly for the observed 
death-rates; or, lastly, the observed death-rates are 
due to the combination, in some unknown proportion, 
of the two causes just mentioned. 

No reasonable doubt can exist, as it seems to us, 
that the third is the true conclusion to be drawn from 
the evidence supplied by the mortality bills. Unfor- 
tunately, the conclusion thus deduced is almost valueless^ 
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because we are left wholly in doubt as to the propor- 
tion which subsists between the effects to be ascribed 
to the two causes thus shown to be in operation. It 
scarcely required the evidence of statistics to prove 
that each cause must operate to some extent. It is 
perfectly obvious, on the one hand, that although 
hundreds of men who would be held by insurance 
companies to be ^ bad lives ' may contract marriage, 
yet on the whole a principle of selection is in operation 
which must tend to bring the healthier portion of the 
male community into the ranks of the married, and to 
leave the unhealthier in the state of bachelorhood. A 
little consideration will show also that, on the whole, 
the members of the less healthy trades, very poor 
persons, habitual drunkards, and others whose prospects 
of long life are unfavourable, must (on the average of 
a -large number) be more likely to remain unmarried 
than those more favourably situated. Another fact 
drawn from the Registrar-General's returns suffices to 
prove the influence of poverty on the marriage-rate. 
We refer to the fact that marriages are invariably 
more numerous in seasons of prosperity than at other 
limes. Improvident marriages are undoubtedly nume- 
rous, but prosperity and adversity have their influence, 
and that influence not unimportant, on the marriage 
returns. On the other hand, it is perfectly obvious 
that the life of a married man is likely to be more 
favourable to longevity than that of a bachelor. The 
mere fact that a man has a wife and family depending 
upon him will suffice to render him more careful of his 
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health, less ready to undertake dangerous employ- 
ments, and so on ; and there are other reasons which 
Avill occur to everyone for considering the life of a 
married man better (in the sense of the insurance 
companies) than that of a bachelor. In fact, while we 
are compelled to reject Dr. Stark's statement that 

* bachelorhood is more destructive to life than the most 
unwholesome trades, or than residence in an unwhole- 
some house or district, where there has never been the 
most distant attempt at sanitary improvement of any 
kind,' we may safely accept his opinion that statistics 

* prove the truth of one of the first natural laws 
revealed to man — '*It is not good that man should 
live alone." ' Whether the law required any proof is 
a question into which we need not enter. 

(From the DaUy News, October 17, 1868.) 



THE TOPOGRAPHICAL SURVEY OF INDIA. 

At the close of the war with Tippoo Sahib, Major 
Lambton planned the triangulation of the country lying 
between Madras and the Malabar coast, a district 
which had been roughly surveyed during the progress 
of the war by Colonel Mackenzie. The Duke of 
Wellington gave his approval to the project, and his 
brother, the Governor-General of India, and Lord Clive 
(son of the great Clive), Governor of Madras, used 
their influence to aid Major Lambton in carrying out 
his design. The only astronomical instrument made 
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use of by the first survey party was one of Kamsden^s 
zenith-sectors, which Lord Macartney had placed in the 
hands of Dinwiddie, the astronomer, for sale. A steel 
chain, which had been sent with Lord Macartney's em- 
bassy to the Emperor of China and refused, was the 
only apparatus available for measuring. 

Thus began the Great Trigonometrical Survey of 
India, a work whose importance it is hardly possible to 
over-estimate. Conducted successively by Colonel 
Lambton, Sir George Everest, Sir Andrew Waugh, 
and Lieut-Col. Walker (the present superintendent), 
the trigonometrical survey has been prosecuted with a 
skill and accuracy which renders it fairly comparable 
with the best works of European surveyors. But to 
complete in this style the survey of the whole of India 
would be the work of several centuries. The trigono- 
metrical survey of Great Britain and Ireland has been 
already more than a century in progress, and is still 
unfinished. It can, therefore, be ifagined that the 
survey of India — nearly ten times the size of the 
British Isles, and presenting difficulties a hundredfold 
greater than those which the surveyor in England has 
to encounter — is not a work which can be quickly 
completed. 

But the growing demands of the public service have 
rendered it imperatively necessary that India should be 
rapidly and completely surveyed. This necessity led 
to the commencement of the Topographical Survey of 
India, a work which has been pushed forward at a sur- 
prising rate during the past few years. Our readers 



248 LIGHT SCIENCE FOR LEISURE HOURS 

may form some idea of the energy with which the survey 
is in progress from the fact that Colonel Thuillier's 
Keport for the season 1866-67 announces the charting 
of an area half as large as Scotland^ and the prepara- 
tory triangulation of an additional area nearly half as 
large as England. 

In a period of thirty years, with but few surveying 
parties at first, and a slow increase in their number, an 
area of 160,000 square miles has been completed and 
mapped by the topographical department. The revenue 
surveyors have also supplied good maps (on a similar 
scale) of 364,000 square miles of country during the 
twenty years ending in 1866. Combining these results, 
we have an area of 524,000 square miles, or upwards of 
four times that of Great Britain and Ireland. For all 
this enormous area the surveyors have the records in a 
methodical and systematic form, fit for incorporation in 
the atlas of India. Nor does this estimate include the 
older revenue surveys of the north-western provinces, 
which, for want of proper .supervision in former years, 
were never regularly reduced. The records of these 
surveys were destroyed in the Mutiny — chiefly in 
Ilazaumbaugh and the south-western frontier agency. 
The whole of these districts remain to be gone over in 
a style very superior to that of the last survey. 

The extent of the country which has been charted 
may lead to the impression that the survey is little more 
than a hasty reconnaissance. This, however, is very far 
indeed from being the case. The preliminary triangu- 
lation, which is the basis of the topographical survey, is 
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conducted with extreme care. In the present Report, 
for instance, we find that the discrepancies between the 
common sides of the triangles — in other words, the 
discrepancies between the results obtained by different 
observers — are in some cases less than one-tenth of an 
inch per mile ; in others they are from one inch to a 
foot per mile ; and in the survey of the Cossyah and 
Garrow Hills, where observations had to be taken to 
large objects such as trees, rocks, &c., with no defined 
points for guidance, the results differ by as much as 
twenty- six inches per mile. These discrepancies must 
not only be regarded as insignificant in themselves, 
but must appear yet more trifling when it is remem- 
bered that they are not cumulative, inasmuch as the 
preliminary triangulation is itself dependent on the 
great trigonometrical survey. 

Let us understand clearly what are the various forms 
of survey which are or have been in progress in India. 
There are three forms to be considered: — (1) The 
Great Trigonometrical Surveys; (2) The Revenue 
Surveys; and (3) the Topographical Surveys. 

Great trigonometrical operations are extended in a 
straight course from one measured base to another. 
Every precaution which modern skill and science can 
suggest is taken in the measurement of each base-line, 
and in the various processes by which the survey is 
extended from one base-line to the other. The accu- 
racy with which work of this sort is conducted may be 
estimated from the following instance. During the 
progress of the Ordnance Survey of Great Britain and 
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Ireland, a base-line nearly eight miles long was mea- 
sured near Loch Foyle in Ireland, and another nearly 
seven miles long on Salisbury Plain. Trigonometrical 
operations were then extended from Loch Foyle to 
Salisbury Plain, a distance of about 340 miles; and 
the Salisbury base-line was calculated from the obser- 
vations made over this long arc. The difference between 
the measured and calculated values of the base-line was 
less than Jive inches ! As we have stated, the trigono- 
metrical survey of India will bear comparison with the 
best work of our surveyors in England. 

A revenue survey is prosecuted for the definition of 
the boundaries of estates and properties. The opera- 
tions of such a survey are therefore carried on con- 
formably to those boundaries. 

The topographical survey of a country is defined by 
Sir A. Scott Waugh to imply ^ the measurement and 
delineation of the natural features of a country, and 
the works of man thereon, with the object of producing 
a complete and sufficiently accurate map. Being free 
from the trammels of boundaries of properties, the 
principal lines of operations must conform to the 
features of the country, and objects to be surveyed.' 

The only safe basis for the topographical survey of a 
country is a system of accurate triangulation. And 
where the extent of country to be surveyed is large, 
there will always be a great risk of the accumulation 
of error in the triangulation itself; which must there- 
fore be made to depend on the accurate results obtained 
by the great trigonometrical operations. In order to 
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secure this result, fixed stations are established in the 
vicinity of the great trigonometrical series. Where 
this plan cannot be adopted, a network of large sym- 
metrical triangles is thrown over the district to be sur- 
veyed, or boundary series of triangles are carried along 
the outline of the district or along convenient internal 
lines. The former of these methods is applicable to 
a hilly district, the latter to a flat country. 

When the district to be surveyed has been triangu- 
lated, the work of fiUing-in the topographical details 
is commenced. Each triangle being of moderate ex- 
tent, with sides from three to five miles in length, and 
the angular points being determined, as we have seen, 
with great exactness, it is evident that no considerable 
error can occur in filling-in the details. Hence, methods 
can be adopted in the final topographical work which 
would not be suitable for triangulation. The triangles 
can either be * measured up,' or the observer may 
traverse from trigonometrical point to point, taking 
offsets and intersections ; or, lastly, he may make use of 
the plane table. The two first methods require little 
comment ; but the principle of plane-tabling enters so 
largely into Indian surveying, that our notice would be 
incomplete without a brief account of this simple and 
beautiful method. 

The plane table is a flat board turning on a vertical 
pivot. It bears the chart on which the observer is 
planning the country. Suppose, now, that two points 
A and B are determined, and that we require to mark 
in the position of a third point c : — It is dear that if we 
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observed vnXh a theodolite the angles A B r and bag, 
we might lay these down on the chart with a protractor, 
and so the position of c would be determined with an 
accuracy proportioned to the care with which the ob- 
servations were made, and the corresponding construc- 
tions applied to the chart. But in ^ plane-tabling ' a 
more direct plan is adopted. A ruler bearing sights, 
resembling those of a rifle, is so applied that the edge 
passing through the point A on the chart (the observer 
being situated at the real station a) passes through the 
point B on the chart, the line of sight passing through 
the real station b. The table being fixed in the position 
thus obtained, the ruler is next directed so that its edge 
passes through A, while the line of sight points to C. A 
line is now ruled with a pencil through a towards c. In 
a similar manner, the table having been removed to the 
station B, a pencil line is drawn through the point b 
on the chart towards c. The two lines thus drawn 
determine by their intersection the place of C on the 
chart. 

The above is only one instance of the modes in 
which a plane-table can be applied ; there are several 
others. Usually the magnetic compass is made use of 
to fix the position of the table in accordance with the 
true bearing of the cardinal points. Also the bearings 
of several points are taken around each station; and 
thus a variety of tests of the correctness of the work 
become applicable. Into such points as these we need 
not here enter. It is sufficient that our readers should 
have been enabled to gather the simple principles 
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on which plane-tabling depends, and the accuracy with 
which (when suitable precautions are taken) it can be 
applied as a method of observation subsidiary to the 
ordinary trigonometrical processes. 

* A hilly country,' says Sir A. Waugh, * offers the 
fairest field for the practice of plane-table surveys, 
and the more rugged the surface the greater will be 
the relative advantages and facilities this system jios- 
Besses over the methods of actual measurement. On 
the other hand, in flat lands the plane-table works at 
a disadvantage, while the traverse system is facilitated. 
Consequently, in such tracts, the relative economy of 
the two systems does not offer so great a contrast 
as in the former. In closely wooded or jungly tracts, 
all kinds of survey operations are prosecuted at a 
disadvantage ; but in such localities, the commanding 
points must be previously cleared for trigonometrical 
operations, which facilitates the use of the table.' 

In whatever way the topographical details have 
been filled in, a rigorous system of check must be 
applied to the work. The system adopted is that of 
running lines across ground that has been surveyed. 
This is done by the head of the party or by the 
chief assistant-surveyor. A sufficient number of 
points are obtained in this way for comparison with 
the work of the detail surveyors ; and when the dis- 
crepancies exceed certain limits, the work in which 
they appear is rejected. Owing to the extremely 
unhealthy, jungly, and rugged nature of the ground 
in which nearly all the Indian surveys have been 
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progressing, it has not always been found practicable 
to check by regularly chained lines. There are, how- 
ever, other modes of testing plane-table surveys, and 
as these entail less labour and expense in hilly and 
jungly tracts, and are quite as effective if thoroughly 
carried out, they have been adopted generally, while 
the measured routes or check-lines have only been 
pursued under more favourable conditions. Colonel 
Thuillier states that * the inspection of the work of 
every detailed surveyor in the field has been rigor- 
ously enforced, and the work of the field season is not 
considered satisfactory or complete unless this duty 
has been attended to.' 

The rules laid down to insure accuracy in tiie 
survey are — first, that the greatest possible number 
of fixed points should be determined by regular tri- 
angulation ; secondly, that the greatest possible num- 
ber of plane-table fixings should be made use of 
within each triangle; and lastly, that eye-sketching 
should be reduced to a minimum. If these rules are 
well attended to, the surveyor can always rely on the 
value of the work performed by his subordinates. 
But all these conditions cannot be secured in many 
parts of the ground allotted to the several topographical 
parties, owing to the quantity of forest land and the 
extremely rugged nature of the country. Hence 
arises the necessity for test-lines to verify the details, 
or for some rigorous system of check; and this is 
more especially the case where native agency is em- 
ployed. 
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So soon as the country has been accurately planned^ 
the configuration of the ground has to be sketched 
up. This process is the end and aim of all the pre- 
ceding work. 

The first point attended to is the arterial system, 
or water drainage, constituting the outfall of the 
country ; whence are deduced the lines of greatest 
depression of the ground. Next the watersheds or 
ridges of hills are traced in, giving the highest level. 
Lastly, the minor or subordinate features are drawn 
in with the utmost precision attainable. ^ The outlines 
of table-land should be well defined,' says Sir A. 
Waugh, ^ and ranges of hills portrayed with fidelity, 
carefully representing the watersheds or divortia 
aquarum^ the spurs, peaks, depressions or saddles, 
isthmuses or connecting-links of separate ranges, and 
other ramifications. The depressed points and isth- 
muses are particularly valuable, as being either the 
sites of ordinary passes or points which new roads 
should conform to.' 

And here we must draw a distinction between 
survey and reconnaissance. It is absolutely necessary 
in making a survey that the outlines of ground as 
defined by ridges, water-courses, and feet of hills 
should be rigorously fixed by actual observation and 
careful measurement. In reconnoitring, more is trusted 
to the eye. 

The scale of the Indian topographical survey is 
that of one inch per mile ; the scale of half an inch 
per mile being only resorted to in very densely 
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wooded or jungly country^ containiiig few inhabitants 
and little cultivated^ or where the cUmate is so 
dangerous that it is desirable to accelerate the pro- 
gress of the survey. 

On the scale of one inch per mile the practised 
draftsmen can survey about five square miles of 
average country per day. In intricate ground, inter- 
sected by ravines or covered by hills of irregular 
formation, the work proceeds much more slowly ; on 
the other hand, in open and nearly level country, or 
where the hills have simple outlines, the work will 
cost less and proceed more rapidly. On the scale of 
one inch per mile all natural features (such as ravines 
or water-courses) more than a quarter of a mile in 
length can be clearly represented. Villages, towns, 
and cities can be shown, with their principal streets 
and roads, and the outlines of fortifications. The 
general figure and extent of cultivated, waste, and 
f ()rcst lands can be delineated with more or less pre- 
cision, according to their extent. Irrigated rice-lands 
should be distinctly indicated, since they generally 
exhibit the contour of the ground. 

The relative heights of hills and depths of valleys 
should be determined during the course of a topo- 
graphical survey. These vertical elements of a survey 
can be ascertained by trigonometrical or by baro- 
metrical observations, or by a combination of both 
methods. * The barometer,' says Sir A. Waugh, * is 
more especially useful for determining the level of 
low spots from which the principal trigonometrical 
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stations are invisible. In using tliis instrument^ 
however, in combination with the other operations, 
the relative differences of heights are to be considered 
the quantities sought, so that all the results may be 
referable to the original trigonometrical station. The 
height above the sea-level of all points coming under 
any of the following heads are especially to be deter- 
mined, for the purpose of illustrating the physical 
relief of the country :^ 

^ 1st. The peaks and highest points of ranges. 

* 2nd. All obligatory points required for engineer- 
ing works, such as roads, drainage, and irrigation, 
viz. : — the highest points or necks of valleys ; the 
lowest depressions or passes in ranges ; the junctions 
of rivers, and dehouchements of rivers from ranges ; the 
height of inundation-level, at moderate intervals of 
about three miles apart. 

* 3rd. Principal towns or places of note.' 

Of the various methods employed to indicate the 
steepness of slope, that of eye-contouring seems alone 
to merit special comment. In true contouring, regu- 
lar horizontal lines, at fixed vertical intervals, are 
traced over a country, and plotted on to the maps. 
This is an expensive and tedious process, whereas 
eye-contouring is easy, light, and effective. On this 
system all that is necessary is that the surveyor 
should consider what routes persons moving horizon- 
tally would pursue. He draws lines on his chart 
approximating as closely as possible to these imagin- 
ary lines. It is evident that when lines are thus 

s 
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drawn for different vertical elevations, the resulting 
shading will be dark or light, according as the slope 
is steep or gentle. This method of shading affords 
scope as well for surveying skill as for draftsmanship. 

(From Once a Week, May 1, 1869.) 



A SHIP ATTACKED BY A SWORB-FISH 

We have always been puzzled to imagine how the 
* nine-and-twenty knights of fame,' described in the 
*' Lay of the Last Minstrel,' managed to * drink the red 
wine through the helmet barr'd.' But in nature we 
meet with animals who seem almost as inconveniently 
armed as those chosen knights, who 

. . . quitted not thei^ annour bright^ 
Neither by day, nor yet by night. 

Amongst such animals the sword-fish must be recog- 
nised as one of the most uncomfortably armed creatures 
in existence. The shark has to turn on his back 
before he can eat, and the attitude scarcely seems sug- 
gestive of a comfortable meal But the sword-fish can 
hardly even by that arrangement get his awkwardly 
I)rojecting snout out of the way. Yet doubtless this 
feature, which seems so inconvenient, is of great value 
to Xiphias. In some way as yet unknown it enables 
him to get his living. Whether he first kills some one 
of his neighbours with this instrument, and then eats 
him at his leisure, or whether he plunges it deep into 
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the larger sort of fish, and, attaching himself to them 
in this way, sucks nutriment from them while they are 
yet alive, is not known to naturalists. Certainly, he is 
fond of attacking whales, but this may result not so 
much from gastronomic tastes as from a natural anti- 
pathy — envy, perhaps, at their superior bulk. Unfor- 
tunately for himself, Xiphias, though cold-blooded, 
seems a somewhat warm-tempered animal ; and, when 
he is angered, he makes a bull-like rush upon his foe, 
without always examining with due care whether he is 
likely to take anything by his motion. And when he 
happens to select for attack a stalwart ship, and to 
plunge his homy beak through thirteen or fourteen 
inches of planking, with perhaps a stout copper 
sheathing outside it, he is apt to find some little diffi- 
culty in retreating. The affair usually ends by his 
leaving his sword embedded in the side of the ship. In 
fact, no instance has ever been recorded of a sword-fish 
recovering his weapon (if we may use the expression) 
after making a lunge of this sort. Last Wednesday 
the Court of Common Pleas — rather a strange place, 
by the bye, for inquiring into the natural history of 
fishes — was engaged for several hours in trying to 
determine under what circumstances a sword-fish 
might be able to escape scot-free after thrusting his 
snout into the side of a ship. T)ie gallant ship 
^ Dreadnought,' thoroughly repaired, and classed A 1 at 
Lloyd's, had been insured for 3,000/. against all the 
risks of the seas. She sailed on March 10, 1864, from 
Colombo, for London. Three days later, the crew, 

s 2 
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while fishing, hooked a sword-fish. Xiphias, however, 
broke the line, and a few moments after leaped half 
out of the water, with the object, it should seem, of 
taking a look at his persecutor, the ^ Dreadnought' 
Probably he satisfied himself that the enemy was some 
abnormally large Cetacean, which it was his natural 
duty to attack forthwith. Be this as it may, the attack 
was made, and at four o'clock the next morning the 
captain was awakened with the unwelcome intelligence 
that the ship had sprung a leak. She was taken back 
to Colombo, and thence to Cochin, where she was hove 
down. Near the keel was found a round hole, an inch 
in diameter, running completely through the copper 
sheathing and planking. 

As attacks by sword-fish are included among sea 
risks, the insurance company was willing to pay the 
damages claimed by the owners of the ship, if only it 
could be proved that the hole had really been made by 
a sword-fish. No instance had ever been recorded in 
which a sword-fish had been able to withdraw his 
sword after attacking a ship. A defence was founded 
on the possibility that the hole had been made in some 
other way. Professor Owen and Mr. Frank Buckland 
gave their evidence; but neither of them could state 
quite positively whether a sword-fish which had passed 
its beak through three inches of stout planking could 
withdraw without the loss of its sword. Mr. Buckland 
said that fish have no power of ^ backing,' and expressed 
his belief that he could hold a sword-fish by the beak ; 
but then he admitted that the fish had considerable 
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lateral power, and might so * wriggle its sword out of a 
hole.' And so the insurance company will have to pay 
nearly six hundred pounds because an ill-tempered fish 
objected to be hooked, and took its revenge by 
running full tilt against copper-sheathing and oak- 
planking. 

(From the Daily News, December 11, 1868.) 



THE SAFETY-LAMP, 



As the late colliery explosions have attracted a 
considerable amount of attention to the principle 
of the safety-lamp, and questions have arisen re- 
specting the extent of the immunity which the ac- 
tion of this lamp secures to the miner, it may be 
well for us briefly to point out the true qualities of 
the lamp. 

In the Davy lamp a common oil-light is surrounded 
by a cylinder of wire-gauze. When the air around 
the lamp is pure the flame bums as usual, and the 
only eflFect of the gauze is somewhat to diminish the 
amount of light given out by the lamp. But so 
soon as the air becomes loaded with the carburetted 
hydrogen gas generated in the coal-strata, a change 
takes place. The flame grows larger and less lumin- 
ous. The reason of the change is this : — The flame 
is no longer fed by the oxygen of the air, but is 
surrounded by an atmosphere which is partly in- 
flammable; and the inflammable part of the gas, so 
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fast as it passes within the wire cylinder, is ignited 
and bums within the gauze. Thus the Kght now 
given out by the lamp is no longer that of the com- 
paratively brilliant oil flame, but is the light resulting 
from the combustion of carburetted hydrogen, or 
* fire-damp,' as it is called ; and every student of 
chemistry is aware that the flame of this gas has very 
little illuminating power. 

So soon as the miner sees the flame thus enlarged 
and altered in appearance he should retire. But it 
is not true that explosion would necessarily follow if 
he did not do so. The danger is great, because the 
flame within the lamp is in direct contact with the 
gauze, and if there is any defect in the wire work, 
the heat may make for itself an opening which — 
though small — would yet suffice to enable the flame 
within the lamp to ignite the gas outside. So long, 
however, as the wire-gauze continues perfect, even 
though it become red-hot, there will be no explosion. 
No authority is required to establish this point, which 
has been proved again and again by experiment ; but 
we quote Professor Tyndall's words on the subject 
to remove some doubts which have been entertained on 
the matter. * Although a continuous explosive atmo- 
sphere,' he says, ^may extend from the air outside 
through the meshes of the gauze to the flame within, 
ignition is not propagated across the gauze. The 
lamp may be filled with an almost lightless flame ; 
still explosion does not occur. A defect in the gauze, 
the destruction of the wire at any point by oxidation, 



THE SAFETY-LAMP. 263 

hastened by the flame playing against it, would cause 
explosion ; ' and so on. It need hardly be said, how- 
ever, that, imprudent as miners have often been, no 
miner would remain where his lamp burned with the 
enlarged flame indicative of the presence of fire- 
damp. The lamp should also be at once extin- 
guished. 

But here we touch on a danger which undoubtedly 
exists, and — so far as has yet been seen — cannot be 
guarded against by any amount of caution. Sup- 
posing the miner sought to extinguish the lamp by 
blowing it out, an explosion would almost certainly 
ensue, since the flame can be forced mechanically 
through the meshes, though it will not pass through 
them when it is burning in the ordinary way. Now 
of course no miner who had been properly instructed 
in the use of the safety lamp would commit such a 
mistake as this. But it happens, unfortunately, that 
sometimes the fire-damp itself forces the flame of the 
lamp through the meshes. The gas frequently issues 
with great force from cavities in the coal (in which 
it has been pent up), when the pick of the miner 
breaks an opening for it. In these circumstances an 
explosion is inevitable, if the issuing stream of gas 
happen to be directed full upon the lamp. Fortu- 
nately, however, this is a contingency which does not 
often arise. It is one of those risks of coal-mining 
which seem absolutely unavoidable by any amount of 
care or caution. It would be well if it were only 
such risks as these that the miner had to face. 
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Another peculiarity sometimes noticed when there 
is a discharge of fire-damp is worth mentioning. It 
happens, occasionally, that the light will be put out 
omng to the absolute exclusion of air from the lamp. 
This, however, can only happen when the gas issues in 
so large a volume that the atmosphere of the pit 
becomes irrespirable. 

With the exception of the one risk which we have 
pointed out above, the Davy lamp may be said to be 
absolutely safe. It is necessary, however, that caution 
and intelligence should be exhibited in its use. On 
this point Professor Tyndall remarks that unfortu- 
nately the requisite intelligence is not often possessed 
nor the requisite caution exercised by the miner, * and 
the consequence is that, even with the safety-lamp, 
explosions still occur.' And he suggests that it would 
be well to exhibit to the miner in a series of experi- 
ments the properties of the valuable instrument which 
has been devised for his security. ^ Mere advice will 
not enforce caution,' he says ; ^ but let the miner have 
the physical image of what he is to expect clearly and 
vividly before his mind, and he will find it a restraining 
and monitory influence long after the effect of caution- 
ing words has passed away.' 

A few words on the history of the invention may 
be acceptable. Early in the present century a series 
of terrible catastrophes in coal mines had excited the 
sympathy of enlightened and humane persons through- 
out the country. In the year 1813, a society was 
formed at Sunderland to prevent accidents in coal 



THE SAFETY-LAMP, 265 

mines^ or at least to diminish their frequency, and 
prizes were offered for the discovery of new methods 
of lighting and ventilating mines. Dr. William Reid 
Clanny, of Bishopwearmouth, presented to this society 
a lamp which burned without explosion in an atmo- 
sphere heavily loaded with fire-damp ; for which in- 
vention the Society of Arts awarded him a gold 
medal. The Rev. Dr. Gray called the attention of 
Sir Humphry Davy to the subject, and that eminent 
chemist visited the coal mines in 1815 with the object 
of determining what form of lamp would be best 
suited to meet the requirements of the coal miners. 
He invented two forms of lamp before discovering the 
principle on which the present safety-lamps are con- 
structed. This principle — the property, namely, that 
flame will not pass through small apertures, — had 
been, we believe, discovered by Stephenson, the cele- 
brated engineer, some time before; and a somewhat 
angry controversy took place respecting Davy's claim 
to the honour of having invented the safety-lamp. 
It seems admitted, however, by universal consent, that 
Davy's discovery of the property above referred to 
was made independently, and also that he was the 
first to suggest the idea of using wire-gauze in place 
of perforated tin. 

In comparing the present frequency of colliery 
explosions with what took place before the invention 
of the safety-lamp, we must take into consideration 
the enormous increase in the coal trade since the 
introduction of steam machinery. The number of 
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miners now engaged in our coal mines is far in 
excess of the number employed in the beginning of the 
present century. Thus accidents in the present day 
are at once more common on account of the increased 
rapidity with which the mines are worked, and when 
they occur there are more sufferers ; so that the fre- 
quency of colliery explosions in the opening years 
of the present century, and the number of deaths 
resulting from them, are in reality much more signifi- 
cant than they seem to be at first sight. But even 
independently of this consideration, the record of the 
colliery accidents which took place at that time is 
suflSciently startling. Seventy-two persons were killed 
in a colliery at North Biddick at the commencement 
of the present century. Two explosions in 1805, at 
Hepburn and Oxclose, left no less than forty-three 
widows and 151 children unprovided for. In 1808, 
ninety persons were killed in a coal-pit at Lumley. 
On May 24, 1812, ninety-one persons were killed by 
an explosion at Felling Colliery, near Gateshead. 
And many more such accidents might readily be 

enumerated. 

(From the Daily NewSy December 4, 1868). 
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THE LUST WE HAVE TO BREATHE, 

A MiCBOSCOPiST, Mr. Dancer, F.K.A.S., has been 
examining the dust of our cities. The results are not 
pleasing. We had always recognised city dust as a 
nuisance, and had supposed that it derived the peculiar 
grittiness and flintiness of its structure from the con- 
stant macadamizing of city roads. But it now appears 
that the effects produced by dust, when, as is usual, it 
finds its way to our eyes, our nostrils, and our throats, 
are as nothing compared with the mischief it is calcu- 
lated to produce in a more subtle manner. In every 
specimen examined by Mr. Dancer animal life was 
abundant. But the amount of ^ molecular activity ' — 
such is the euphuism under which what is exceedingly 
disagreeable to contemplate is spoken about — is vari- 
able according to the height at which the dust is 
collected. And of all heights which these molecular 
wretches could select for the display of their activity, 
the height of five feet is that which has been found to 
be the favourite. Just at the average height of the 
foot-passenger's mouth these moving organisms are 
always waiting to be devoured and to make us ill. 
And this is not all. As if animal abominations were 
insufficient, a large proportion of vegetable matter 
also disports itself in the light dust of our streets. 
The observations show that in thoroughfares where 
there are many animals engaged in the traffic, the 
greater part of the vegetable matter thus floating about 
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*• consists of what has passed through the stomachs 
of animals,' or has suffered decomposition in some way 
or other. This unpleasing matter, like the ^ molecular 
activity,' floats about at a height of five feet, or there- 
abouts. 

After this, one begins to recognise the manner in 
which some diseases propagate themselves. What had 
been mysterious in the history of plagues and pesti- 
lences seems to receive at least a partial solution. 
Take cholera, for example. It has been shown by the 
clearest and most positive evidence that this disease is 
not propagated in any way save one — that is, by the 
actual swallowing of the cholera poison. In Professor 
Thudichum's masterly paper on the subject in the 
^ Monthly Microscopical Journal,' it is stated that 
doctors have inhaled a full breathing from a person in 
the last stage of this terrible malady without any evil 
effects. Yet the minutest atom of the cholera poison 
received into the stomach will cause an attack of cholera. 
A small quantity of this matter drying on the floor of the 
patient's room, and afterwards caused to float about in 
the form of dust, would suffice to prostrate a houseful 
of people. We can understand, then, how matter 
might be flung into the streets, and, after drying, its 
dust be wafted through a whole district, causing the 
death of hundreds. One of the lessons to be learned 
from these interesting researches of Mr. Dancer is 
clearly this, that the watering-cart should be regarded 
as one of the most important of our hygienic insti- 
tutions. Supplemented by careftil scavengering, it 
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might be effective in dispossessing many a terrible 
malady which now holds sway from time to time over 
our towns. 

(From the Daily News, March 6, 1869.) 



PHOTOGRAPHIC GHOSTS. 

On the outskirts of the ever-widening circle lighted up 
by science there is always a border-land wherein super- 
stition holds sway. The arts and sciences may drive 
away the vulgar hobgoblin of darker days ; . but they 
bring with them new sources of illusion. The ghosts 
of old could only gibber ; the spirits of our day can 
read and write, and play on divers instruments, and 
quote Shakespeare and Milton. It is not, therefore, 
altogether surprising to learn that they can take photo- 
graphs also. You go to have your photograph taken, 
we will suppose, desiring only to see your own features 
depicted in the carte ; and lo ! the spirits have been at 
work, and a photographic phantom makes its appear- 
ance beside you. It is true this phantom is of a hazy 
and dubious aspect — the ^ dull mechanic ghost ' is in- 
distinct, and may be taken for any one. Still, it is not 
difficult for the eye of fancy to trace in it the linea- 
ments of some departed friend, who, it is to be assumed, 
has come to be photographed along with you. In 
fact, photography, according to the spiritualist, resem- 
bles what Byron called — 
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The lightning of the mind. 
Which, out of things familiar, undesigned. 
When least we deem of such, calls up to view 
The spectres whom no exorcism can hind. 

The phenomena of spiritual photography were first 
observed some years since, and a set of carte photo- 
graphs were sent from America to Dr. Walker, of 
Edinburgh, in which photographic phantoms were very 
obviously, however indistinctly, discernible. More 
recently an English photographer noticed a yet stranger 
circumstance, though he was too sensible to seek for a 
supernatural interpretation of it When he took a 
photograph with a particular lens, there could be seen 

• 

not only the usual portrait of the sitter, but at some 
little distance a faint ' double,' exactly resembling the 
principal image. Superstitious minds might find this 
result even more distressing than the phantom photo- 
graphic friend. To be visited by the departed through 
the medium of a lens, is at least not more unpleasing 
than to hold converse with spirits through an ordinary 
* rapping ' medium. But the appearance of a * double ' 
or ^ fetch,' has ever been held by the learned in ghostly 
lore to signify approaching death. 

Fortunately both one and the other appearance can 
be very easily accounted for without calling in the 
aid of the supernatural. At a recent meeting of the 
Photographical Society it was shown that an image may 
often be so deeply impressed on the glass that the sub- 
sequent cleaning of the plate, even with strong acids, 
will not completely remove the picture. When the 
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plate is used for receiving another picture, the original 
image makes its reappearance, and as it is too faint to 
be recognisable, a highly susceptible imagination may 
readily transform it into the image of a departed friend. 
The ^ double ' is generated by the well-known property 
of double refraction, obtained by a lens under certain 
circumstances of unequal pressure, or sometimes by 
inequalities in the process of annealing. So vanish 
two ghosts which might have been more or less trouble- 
some to those who are ready to see the supernatural 
in commonplace phenomena. Will the time ever come 
when no more such phantoms will remain to be 

exorcised ? 

(From the Daily News, March 2, 1869.) 



THE OXFORD AND CAMBRIDGE ROWING STYLES. 

Whatever opinion we may have of the result of 
the approaching contest (1869), there can be no doubt 
that this year, as in former years, there is a striking 
dissimilarity between the rowing styles of the dark 
blue and the light blue oarsmen. This dissimilarity 
makes itself obvious whether we compare the two 
boats as seen from the side, or when the line of sight 
is directed along the length of either. Perhaps it is 
in the latter aspect that an unpractised eye will most 
readily detect the difference we are speaking of. 
Watch the Cambridge boat approaching you from 
some distance, or receding, and you will notice in the 
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rise and fall of the oars^ as so seen, the following 
peculiarities — a long stay of the oar in the water, a 
quick rise from and return to the water, the oars 
remaining out of the water for the briefest possible 
interval of time. In the case of the Oxford boat 
quite a different appearance is presented — there is a 
short stay in the water, a sharp rise from and return 
to it, and between these the oars appear to hang over 
the water for a perceptible interval. It is, however, 
when the boats are seen from the side that the 
meaning of these pecuUarities is detected, and also 
that the fundamental distinction between the two 
styles is made apparent to the experienced eye. In 
the Cambridge boat we recognise the long stroke and 

* lightning feather ' inculcated in the old treatise on 
rowing : in the Oxford boat we see these conditions 
reversed, and in their place the ^ waiting feather ' and 
lightning stroke. By the ^waiting feather,' we do 
not refer to what is commonly understood by slow 
feathering, but to a momentary pause (scarcely to be 
detected when the crew is rowing hard) before the 
simultaneous dash of the oars upon the first grip of 
the stroke.* And observing more closely — which, by 
the way, is no easy matter — as either boat dashes 
swiftly past, we detect the distinctive peculiarities of 

* work ' by which the two styles are severally arrived 
at. In the Cambridge crew we see the first part of 
the stroke done with the shoulders — precisely accord- 

* The grip is never properly caught without the pause ; but anything 
beyond a momentary pause is a bad fault in style. 



OXFOBD AND CAMBRIDGE BOWING STYLES. 273 

ing to the old-fashioned models — the arms straight 
until the body has fallen back to an almost upright 
position; then comes the sharp drop back of the 
shoulders beyond the perpendicular, the arms simul- 
taneously doing their work, so that as the swing back 
is finished, the backs of the hands just touch the ribs 
in feathering. All these things are quite in accord- 
ance with what used to be considered the perfection 
of rowing ; and, indeed, this style of rowing has some 
important good qualities and a very handsome appear- 
ance. The lightning feather, also, which follows the 
long sweeping stroke, is theoretically perfect. Now, 
in the case of the Oxford crew, we observe a style 
which at first sight seems less excellent. As soon as 
the oars are dashed down and catch their first hold of 
the water, the arms as well as the shoulders of each 
oarsman are at work.* The result is, that when the 
back has reached an upright position, the arms have 

• 

* I write this with full knowledge that many Oxford men deny the 
fBWt. I have rowed behind Cambridge, Oxford, and London strokes, and 
have several times taken the place (number 2 thwart) of a London water- 
man in a four (* stroked ' by John Mackinney) training for the Thames 
Regatta. So that I have had ample opportunities for comparing dif- 
ferent rowing styles ; and I am satisfied that the main defect of the real 
Cambridge style was (and perhaps is) an exaggeration of the sound rule 
that a boat should bo propelled rather by the body than by the arms. 
The very swing in a Cambridge boat shows that this must be so. On 
the other hand, the Thames watermen do too much arm- work; and 
hence seem to double a little over their oars. I once rowed with some 
Cambridge friends from London nearly to Oxford and back, taking a 
Thames waterman as ' help.' We set him, at first, for our strokesman, 
but presently made him row hoWj for we could none of us stand his 
gripping, arm-working style. 

T 
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already reached the chesty and the stroke is finished. 
Thus the Oxford stroke takes a perceptibly shorter 
time than the Cambridge stroke ; it is also, necessarily, 
somewhat shorter in the water. One would, therefore, 
say it must be less effective. Especially would an 
unpractised observer form this opinion, because the 
Oxford stroke seems to.be much shorter in range than 
it is in reality. There we have the secret of it^ 
efficiency. It is actually nearly as long as the Cam- 
bridge stroke, but is taken in a perceptibly shorter 
time. What does this mean but that the oar is taken 
much more sharply, and, therefore, much more effec- 
tively, through the water ? 

Much more effectively so far as the actual condi- 
tiqns of the contest are concerned. The modem 
racing outrigger requires a sharp impulse, because it 
will take almost any speed we can apply to it. It 
will also retain that speed between the strokes, a 
consideration of great importance. The old-fashioned 
racing-eights required to be continually under pro- 
pulsion. The lightning-feather was a necessity in 
their case, for between every stroke the boat would 
lag terribly with a slow-feathering crew. We do not 
say, of course, that the speed of a light outrigged 
craft does not diminish between the strokes. Any 
one who has watched a closely contested bumping- 
race, and noticed the way in which the sharply cut 
bow of the pursuing boat draws up to the rudder of 
the other as by a succession of impulses, although 
either boat seen alone would seem to sweep on with 
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almost uniform speed, will know that the motion of 
the lightest boat is not strictly uniform. But there 
is an immense difference between the almost imper- 
ceptible loss of way of a modern eight and the dead 
* lag ' in the old-fashioned craft. And hence we get 
the following important consideration. Whereas with 
the old boats it was useless for a crew to attempt to 
give a very quick motion to their boat by a sharp, 
sudden ^ lift,' this plan is calculated to be, of all others, 
the most effective with the modern racing-sight. 

It may seem, at first sight, that, after all, the result 
of the Cambridge style should be as effective as that 
of the other. If arms and shoulders do their work 
in both crews with equal energy — which we may 
assume to be the case — and if the number of strokes 
per minute is equal, the actual propulsive energy 
ought to be equal likewise. A little consideration 
will show that this is a fallacy. If two men pull at 
a weight together they will move it farther with a 
given expenditure of energy than if first one and 
then the other apply his strength to the work. And 
what is more to the purpose, they will be able to 
move it faster. So shoulders and arms working simul- 
taneously will give a greater propulsive power than 
when working separately, even though in the latter 
case each works with its fullest energy. And not 
only so, but by the simultaneous use of arms and 
shoulders, that sharpness of motion can alone be given 
which is essential to the propulsion of a modem racing- 
boat. 

T 2 
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We have said that the two crews are severally 
rowing in the style which has lately been peculiar to 
their respective Universities. But the Cambridge crew 
is rowing in that form of the Cambridge style which 
brings it nearest to the requirements of modern 
racing. The faults of the style are subdued, so to 
speak, and its best qualities brought out effectively. 
In one or two of the long series of defeats lately 
sustained by Cambridge the reverse has been the case. 
At present, too, there is a certain roughness about 
the Oxford crew which encourages the hopes of the 
light blue supporters. But it must be admitted that 
this roughness is rather apparent than real, great as 
it seems, and it will doubtless disappear before the day 
of encounter. We venture to predict that the ^ time ' 
of the approaching race, taken in conjunction with the 
state of the tide, will show the present crews to be 
at least equal to the average.* 

(From the Daily News, April 1869.) 



BETTING ON HORSE RACES; OR, THE STATE 

OF THE ODDS. 

There appears every day in the newspapers an ac- 
count of the betting on the principal forthcoming 
races. The betting on such races as the Two 
Thousand Guineas, the Derby, and the Oaks, often 

* The race (that of 1869) was one of the best ever rowed, and the 
time of the winners (Oxford) better than in any former race. 
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begins more than a year before the races are run ; and 
during the interval, the odds laid against the different 
horses engaged in them vary repeatedly, in accordance 
with the reported progress of the animals in their 
training, or with what is learned respecting the inten- 
tions of their owners. Many who do not bet them- 
selves, find an interest in watching the varying fortunes 
of the horses which are held by the initiated to be 
leading favourites, or to fall into the second rank, or 
merely to have an outside chance of success. It is 
amusing to notice, too, how frequently the final state 
of the odds is falsified by the event ; how some ^ rank 
outsider ' will run into the first place, while the leading 
favourites are not even ^placed.' 

It is in reality a simple matter to understand the 
betting on races (or contests of any kind), yet it is 
astonishing how seldom those who do not actually bet 
upon races have any inkling of the meaning of those 
mysterious columns which indicate the opinion of the 
betting world respecting the probable results of ap- 
proaching contests, equine or otherwise. 

Let us take a few simple cases of ^ odds,' to begin 
with ; and, having mastered the elements of our sub- 
ject, proceed to see how cases of greater complexity 
are to be dealt with. 

Suppose the newspapers inform us that the betting 
is 2 to 1 against a certain horse for such and such a 
race, what inference are we to deduce? To learn 
this, let us conceive a case in which the true odds 
against a certain event are as 2 to 1. Suppose there 
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are three balls in a bag, one being white, the others 
black. Then, if we draw a ball at random, it is clear 
that we are twice as likely to draw a black as to draw 
a white ball. This is technically expressed by saying 
that the odds are 2 to 1 against drawiog a white ball ; 
or 2 to 1 <?w (that is, in favour of) drawing a black 
ball. This being understood, it follows that, when the 
odds are said to be 2 to 1 against a certain horse, we 
are to infer that, in the opinion of those who have 
studied the performance of the horse, and compared it 
with that of the other horses engaged in the race, his 
chance of winning is equivalent to the chance of 
drawing one particular ball out of a bag of thre^ 
balls. 

Observe how this result is obtained : the odds are 2 
to 1, and the chance of the horse is as that of drawing 
one ball out of a bag of three — three being the sum of 
the two numbers 2 and 1. This is the method followed 
in all such cases. Thus, if the odds against a horse 
are 7 to 1, we infer that the cognoscenti consider his 
chance equal to that of drawing one particular ball out 
of a bag of eight, 

A similar treatment applies when the odds are not 
given as so many to one. Thus, if the odds against a 
horse are as 5 to 2, we infer that the horse's chance is 
equal to that of drawing a white ball out of a bag 
containing five black and two white balls — or seven 
in aU. 

We must notice also that the number of balls may 
be increased to any extent, provided the proportion 
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between the total number and the number of a specified 
colour remains unchanged. Thus, if the odds are 5 to 
1 against a horse, his chance is assumed to be equiv^ilent 
to that of drawing one white ball out of a bag contain- 
ing six balls, only one of which is white ; or to that of 
drawing a white ball out of a bag containing sixty 
balls, of which ten are white — and so on. This is a 
very important principle, as we shall now see. 

Suppose there are two horses (amongst others) 
engaged in a race, and that the odds are 2 to 1 against 
one, and 4 to 1 against the other — what are the odds 
that one of the two horses will win the race ? This 
case will doubtless remind our readers of an amusing 
sketch by Leech, called — if we remember rightly — 
* Signs of the Commission.' Three or four imder- 
graduates are at a * wine,' discussing matters equine. 
One propounds to his neighbour the following ques- 
tion : * I say, Charley, if the odds, are 2 to 1 against 
Rataplan^ and 4 to 1 against Quick March^ what's the 
betting about the pair?' — * Don't know, I'm sure,' 
replies Charley ; ^ but I'll give you 6 to 1 against 
them.' The absurdity of the reply is, of course, very 
obvious; we see at once that the odds cannot be 
heavier against a pair of horses than against either 
singly. Still, there are many who would not find it 
easy to give a correct reply to the question. What 
has been said above, however, will enable us at once 
to determine the just odds in this or any similar case. 
Thus — the odds against one horse being 2 to 1, his 
chance of winning is equal to that of drawing one 
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white ball out of a bag of threcy one only of which is 
white. In like manner, the chance of the second horse 
is equal to that of drawing one white ball out of a bag 
oijivey one only of which is white. Now we have to 
find a number which is a multiple of both the numbers 
three and five. Fifteen is such a number. The chance 
of the first horse, modified according to the principle 
explained above, is equal to that of drawing a white 
ball out of a bag of fifteen of which ^i?e are white. In 
like manner, the chance of the second is equal to that 
of drawing a white ball out of a bag of fifteen of which 
three are white. Therefore, the chance that one of 
the two will win is equal to that of drawing a white 
ball out of a bag of fifteen balls of which eight 
(five added to three) are white. There remain seven 
black balls, and therefore . the odds are 8 to 7 on the 
pair. 

To impress the method of treating such cases on the 
mind of the reader, we take the betting about three 
horses — say 3 to 1, 7 to 2, and 9 to 1 against the three 
horses respectively. Then their respective chances 
are equal to the chance of drawing (1) one white ball 
out oi four, one only of which is white; (2) a white 
ball out of niney of which two only are white ; and (3) 
one white ball out of teny one only of which is white. 
The least number which contains four, nine, and ten is 
180 ; and the above chances, modified according to the 
principle explained above, become equal to the chance of 
drawing a white ball out of a bag containing 180 balls, 
when 45, 40, and 18 (respectively) are white. There- 
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fore, the chance that one of the three will win is equal 
to that of drawing a white ball out of a bag contain- 
ing 180 balls, of which 103 (the sum of 45, 40, and 
18) are white. Therefore, the odds are 103 to 77 07i 
the three. 

One does not hear in practice of such odds as 103 
to 77. But betting-men (whether or not they apply 
just principles of computation to such questions, is 
unknown to us) manage to run very near the truth. 
For instance, in such a case as the above, the odds on 
the three would probably be given as 4 to 3 — that is, 
instead of 103 to 77, or, which is the same thing, 412 
to 308, the published odds would be 412 to 309. 

And here a certain nicety in betting has to be men- 
tioned. In running the eye down the list of odds, one 
will often meet such expressions as 10 to 1 against 
such a horse offered, or 10 to 1 wanted. Now, the 
odds of 10 to 1 taken may be understood to imply that 
the horse's chance is equivalent to that of drawing a 
certain ball out of a bag of eleven. But if the odds 
are offered and not taken, we cannot infer this. The 
offering of the odds implies that the horse's chance is 
not hetter than that above mentioned, but the fact that 
they are not taken implies that the horse's chance is 
not so good. If no higher odds are offered against the 
horse, we may infer that his chance is very little worse 
than that mentioned above. Similarly, if the odds of 
10 to 1 are asked for, we infer that the horse's chance 
is not worse than that of drawing one ball out of 
eleven ; if the odds are not obtained, we infer that his 
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chance is better; and if no lower odds are asked for, 
we infer that his chance is very little better. 

Thus, there might be three horses (A, B, and C) 
against whom the nominal odds were 10 to 1, and yet 
these horses might not be equally good favourites, 
because the odds might not be taken, or might be 
asked for in vain. We might accordingly find three 
such horses arranged thus : 





Odds. 


A . 


10 to 1 (wanted). 


B . 


10 to 1 (taken). 


C . . 


10 to 1 (offered). 



Or these different stages might mark the upward or 
downward progress of the same horse in the betting. 
In fact, there are yet more delicate gradations, marked 
by such expressions respecting certain odds, as — 
offered freely , offered, offered and taken (meaning that 
some offers only have been accepted), taken, taken and 
wanted, wanted, and so on. 

As an illustration of some of the principles we have 
been considering, let us take from the day's paper * 
the state of the odds respecting the ^ Two Thousand 
Guineas.' It is presented in the following form : — 

■ 

TWO THOUSAND GUINEAS. 

7 to 2 against Rosicrudan (off.). 

6 to 1 against Feme (off. ; 7 to 1 w.). 
10 to 1 against Green Sleeve (off.). 
100 to 7 against Blue Gotvn (off.). 
180 to 80 against Sir J. Hawley's lot (t). 

This table is interpreted thus : bettors are willing to 

* This article was written early in March 1868. 
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lay the same odds against Rosicrucian as would be the 
true mathematical odds against drawing a white ball 
out of a bag containing two white and seven black 
balls ; but no one is willing to back the horse at this 
rate. On the other hand, higher odds are not offered 
against him. Hence it is presumable that his chance 
is somewhat less than that above indicated. Again, 
bettors are willing to lay the same odds against Pace 
as might fairly be laid against drawing one white ball 
out of a bag of seven, one only of which is white ; but 
backers of the horse consider that they ought to get 
the same odds as might be fairly laid against drawing 
the white ball when an additional black ball had been 
put into the bag. As respects Green Sleeve and Blue 
Gowriy bettors are willing to lay the odds which there 
would be, respectively, against drawing a white ball 
out of a bag containing — (1) eleven balls, one only of 
which is white, and (2) one hundred and seven balls, 
seven only of which are white. Now, the three horses 
Rosicrucian^ Green Sleeve^ and Blue Goicn all belong 
to Sir Joseph Hawley, so that the odds about the 
three are referred to in the last statement of the list 
just given. And since none of the offers against the 
three horses have been taken, we may expect the odds 
actually taken about ^ Sir Joseph Hawley's lot ' to be 
more favourable than those obtained by summing up 
the three former in the manner we have already 
examined. It will be found that the resulting odds 
(offered) against Sir J. Hawley's lot — estimated in 
this way — should bcj as nearly as possible, 132 to 80, 
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TVe find, however, that the odds taken are 180 to 80. 
Hence, we learn that the offers against some or all of 
the three horses are considerably short of what backers 
require; or else, that some person has been induced 
to offer far heavier odds against Sir J. Hawley's lot 
than are justified by the fair odds against his horses, 
severally. 

We have heard it asked why a horse is said to be a 
favourite, though the odds may be against him. This 
is very easily explained. Let us take as an illustration 
the case of a race in which four horses are engaged to 
run. If all these horses had an equal chance of win- 
ning, it is very clear that the case would correspond to 
that of a bag containing four balls of different colours ; 
since, in this case, we should have an equal chance of 
drawing a ball of any assigned colour. Now, the odds 
against drawing a particular ball would clearly be 3 to 
1. This, then, should be the betting against each of 
the three horses. If any one of the horses has less 
odds offered against him, he is a favourite. There may 
be more than one of the four horses thus distinguished ; 
and in that case, the horse against which the least odds 
are offered is the Jirst favourite. Let us suppose there 
are two favourites, and that the odds against the 
leading favourite are 3 to 2, those against the other 
2 to 1, and those against the best non-favourite 4 to 1 ; 
and let us compare the chances of the four horses. We 
have not named any odds against the fourth, because, 
if the odds against all the horses but one are given, the 
just odds against that one are determinable, as we shall 
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see immediately. The chance of the leading favourite 
corresponds to the chance of drawing a ball out of a 
bag in which are three black and two white balls, j^t?e 
in all ; that of the next to the chance of drawing a ball 
out of a bag in which are two black and one white ball, 
three in all ; that of the third, to the chance of drawing 
a ball out of a bag in which are four black balls and 
one white one. Jive in all. We take, then, the least 
pumber containing both five and three — \h2iiis>, fifteen ; 
and then the number of white balls, corresponding to 
the chances of the three horses, are respectively six, 
five, and three, or fourteen in all ; leaving only one to 
represent the chance of the fourth horse (against which 
the odds are therefore 14 to 1). Hence the chances of 
the four horses are respectively as the numbers six^ 
Jiv€y three, and one. 

We have spoken above of the published odds. The 
statements made in the daily papers commonly refer to 
wagers actually made, and therefore the uninitiated 
might suppose that every one who tried would be able 
to obtain the same odds. This is not the case. The 
wagers which are laid between practised betting-men 
afibrd very little indication of the prices which would 
be forced (so to speak) upon an inexperienced bettor. 
Book-makers — that is, men who make a series of bets 
upon several or all of the horses engaged in a race — 
naturally seek to give less favourable terms than the 
known chances of the different horses engaged would 
suffice to warrant. As they cannot offer such terms to 
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the initiated, they offer them— and in general success- 
fully — ^to the inexperienced. 

It is often said that a man may so lay his wagers 
about a race as to make sure of gaining money which- 
ever horse wins the race. This is not strictly the case. 
It is of course possible to make sure of winning if the 
bettor can only get persons to lay or take the odds he 
requires to the amount he requires. But this is precisely 
the problem which would remain insoluble if all bettors 
were equally experienced. 

Suppose, for instance, that there are three horses 
engaged in a race with equal chances of success. It is 
readily shown that the odds are 2 to 1 against each. 
But if a bettor can get a person to take even betting 
against the first horse (A), a second person to do the 
like about the second horse (B), and a third to do the 
like about the third horse (C), and if all these bets are 
made to the same amount — say, 1000/. — then, inasmuch 
as only one horse can win, the bettor loses 1000/. 
on that horse (say A), and gains the same sum 
on each of the two horses B and C. Thus, on the 
whole, he gains 1000/., the sum laid out against each 
horse. 

If the layer of the odds had laid the true odds to the 
same amount on each horse, he would neither have 
gained nor lost. Suppose, for instance, that he laid 
1000/. to 500/. against each horse, and A won; then 
he would have to pay 1000/. to the backer of A, and 
to receive 500/. from each of the backers of B and C. 
In like manner, a person who had backed each horse 
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to the same extent would neither lose nor gain by 
the event. Nor would a backer or layer who had 
wagered different sums necessarily gain or lose by the 
race; he would gain or lose according to the event. 
This will at once be seen, on trial. 

Let us next take the case of horses with unequal 
prospects of success — for instance, take the case of the 
four horses considered above, against which the odds 
were respectively 3 to 2, 2 to 1, 4 to I5 and 14 to 1. 
Here, suppose the same sum laid against each, and for 
convenience let this sum be 84Z. (because 84 contains 
the numbei's 3, 2, 4, and 14). The layer of the odds 
wagers 847. to 6QL against the leading favourite, 847. 
to 42 Z. against the second horse, 847. to 21Z. against the 
third, and 847. to Qh against the fourth. Whichever 
horse wins, the layer has to pay 847.; but if the 
favourite wins, he receives only 427. on one horse, 217. 
on another, and 67. on the third — that is 697. in all, so 
that he loses 157.; if the second horse wins, he has to 
receive 567., 217., and ^L — or 837. in all, so that he loses 
17.; if the third horse wins, he receives 5^1.^ 427., and 
67. — or 1047. in all, and thus gains 207. ; and lastly, if 
the fourth horse wins, he has to receive 6%L, 427., and 
217. — or 1197. in all, so that he gains 357. He clearly 
risks much less than he has a chance (however small) 
of gaining. It is also clear that in all such cases the 
worst event for the layer of the odds is, that the 
favourite should win. Accordingly, as professional 
book-makers are nearly always layers of odds, one 
often finds the success of a favourite spoken of in the 
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papers as a * great blow for the book-makers,' while the 
success of a rank outsider will be described as ^ a mis- 
fortune to backers.' 

But there is another circumstance which tends to 
make the success of a favourite a blow to layers of the 
odds, and vice versa. In the case we have supposed, 
the money actually pending about the four horses 
(that is, the sum of the amounts laid for and against 
them) was 1407. as respects the favourite, 126Z. as 
respects the second, 105Z. as respects the third, and 
90Z. as respects the fourth. But, as a matter of fact, 
the amounts pending about the favourites bear always 
a much greater proportion than the above to the 
amoimts pending about outsiders. It is easy to see the 
effect of this. Suppose, for instance, that instead of 
the sums 847. to 5^1, 84/. to 427., 847. to 217., and 847. 
to 67., a book-maker had laid 84007. to 56007., 8407. 
to 4207., 847. to 217., and 147. to 17., respectively — 
then it will easily be seen that he would lose 79587. 
by the success of the favourite ; whereas he would gain 
47827. by the success of the second horse, 59377. by 
that of the third, and 60277. by that of the fourth. 
We have taken this as an extreme case ; as a general 
rule, there is not so great a disparity as has been here 
assumed between the sums pending on favourites and 
outsiders. 

Finally, it may be asked whether, in the case of 
horses having unequal chances, it is possible that wagers 
can be so proportioned (just odds being given and 
taken) that, as in the former case, a person backing, or 
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laying against^ all the four shall neither gain nor lose. 
It is so. All that is necessary is^ that the sum actually 
pending about each horse shall be the same. Thus^ in 
the preceding case, if the wagers 9Z. to 6Z., lOZ. to 5/., 
127. to 3Z., and 147. to \L, are either laid or taken by 
the same person, he will neither gain nor lose by the 
event, whatever it may be. And therefore, if unfair 
odds are laid or taken about all the horses, in such a 
manner that the amounts pending on the several horses 
are equal (or nearly so), the unfair bettor must win by 
the result. Say, for instance, that instead of the above 
odds, he lays 87. to 6Z., 9Z. to 5/., IIZ. to 37., and 137. to 
17. against the four horses respectively ; it will be found 
that he must ivin 17. Or if he takes the odds 187. to 
117., 207. to 97., 247. to 57., and 287. to 17. (the just 
odds being 187. to 127., 207. to 107., 247. to 67., and 287. 
to 27. respectively), he will win 17. by the race. So 
that, by giving or taking such odds to a sufficiently 
great amount, a bettor would be certain of pocketing 
a large sum, whatever the event of a given race 
might be. 

In every instance, a man who bets on a race must 
risk his money ^ unless he can succeed in taking unfair 
advantages over those with whom he bets. Our readers 
will conceive how small must be the chance that an 
unpractised bettor will gain anything but dearly-bought 
experience by speculating on horse-races. We would 
recommend those who are tempted to hold another 
opinion to follow the plan suggested by Thackeray in 
a similar case —to take a good look at professional and 

u 
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practised betting-men, and to decide * which of those 
men they are most likely to get the better of in turf 
transactions. 

(From Chambers's Journal, July 1869.) 



SQUARING THE CIRCLE, 



There must be a singular charm about insoluble 
problems, since there are never wanting persons who 
are willing to attack them. We doubt not that at 
this moment there are persons who are devoting their 
energies to Squaring the Circle, in the full belief that 
important advantages would accrue to science — and 
possibly a considerable pecuniary profit to themselves 
— if they could succeed in solving it. Quite re- 
cently, applications have been made to the Paris 
Academy of Sciences, to ascertain what was the 
amount which that body was authorised to pay over 
to any one who should square the circle. So seri- 
ously, indeed, was the secretary annoyed by applica- 
tions of this sort, that it was found necessary to 
announce in the daily journals that not only was the 
Academy not authorised to pay any sum at all, but 
that it had determined never to give the least atten- 
tion to those who fancied they had mastered the 
famous problem. 

It is a singular circumstance that people have even 
attacked the problem without knowing exactly what 
its nature is. One ingenious workman, to whom the 
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diflSculty had been propounded, actually set to work 
to invent an arrangement for measuring the circum- 
ference of the circle ; and was perfectly satisfied that 
he had thus solved a problem which had mastered 
all the mathematicians of ancient and modem times. 
That we may not fall into a similar error, let us clearly 
understand what it is that is required for the solution 
of the problem of * squaring the circle.' 

To begin with, we must note that the term ^ squar- 
ing the circle ' is rather a misnomer ; because the true 
problem to be solved is the determination of the 
length of a circle's circumference when the diameter 
is known. Of course, the solution of this problem, 
or, as it is termed, the rectification of the circle, in- 
volves the solution of the other, or the quadrature of 
the circle. But it is well to keep the simpler issue 
before us. 

Many have supposed that there exists some exact 
relation between the circumference and the diameter of 
the circle, and that the problem to be solved is the 
determination of this relation. Suppose, for example, 
that the approximate relation discovered by Archi- 
medes (who found, that if a circle's diameter is repre- 
sented by seven, the circumference may be almost 
exactly represented by twenty-two) were strictly cor- 
rect, and that Archimedes had proved it to be so: 
then, according to this view, he would have solved the 
great problem ; and it is to determine a relation of 
some such sort that many persons have set themselves. 

u 2 



292 LIGHT SCIENCE FOR LEISURE HOURS. 

Now, undoubtedly, if any relation of ttis sort could be 
established, the problem would be solved ; but, as a 
matter of fact, no such relation exists, and the solu- 
tion of the problem does not require that there should 
be any relation of the sort. For example, we do not 
look on the determination of the diagonal of a square 
(whose side is known) as an insoluble, or as otherwise 
than a very simple problem. Yet in this case no 
exact relation exists. We cannot possibly express 
both the side and the diagonal of a square in whole 
nimibers, no matter what unit of measurement we 
adopt: or, to put the matter in another way, we 
cannot possibly divide both the side and the diagonal 
into equal parts (which shall be the same along each), 
no matter how small we take the parts. If we divide 
the side into 1000 parts, there will be 1414 such 
parts, and a piece ovevy in the diagonal ; if we divide 
the side into 10,000 parts, there will be 14,142, and 
still a little piece over, in the diagonal ; and so on for 
ever. Similarly, the mere fact that no exact relation 
exists between the diameter and the circumference of 
a circle is no bar whatever to the solution of the great 
problem. 

Before leaving this part of the subject, however, 
we may mention a relation which is very easily re- 
membered, and is very nearly exact — much more so, 
at any rate, than that of Archimedes. Write down 
the numbers 113355, that is, the first three odd 
numbers each repeated twice over. Then separate 
the six numbers into two sets of three, thus, — 1 13) 355, 
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and proceed with the division thus indicated. The 
result, 3*14 15929 . . . . , expresses the circumfer- 
ence of a circle whose diameter is 1, correctly 
to the sixth decimal place, the true relation being 
3-14159265 .... 

Again, many people imagine that mathematicians 
are still in a state of uncertainty as to the relation 
which exists between the circumference and the dia- 
meter of the circle. If this were so, scientific so- 
cieties might well hold out a reward to any one who 
could enlighten them ; for the determination of this 
relation (with satisfactory exactitude) may be held to 
lie at the foundation of the whole of our modern 
system of mathematics. We need hardly say that no 
doubt whatever rests on the matter. A hundred dif- 
ferent methods are known to mathematicians by which 
the circumference may be calculated from the dia- 
meter with any required degree of exactness. Here 
is a simple one, for example : Take any number of 
the fractions formed by putting one as a numerator 
over the successive odd numbers. Add together the 
alternate ones beginning with the first, which, of 
course, is unity. Add together the remainder. Sub- 
tract the second sum from the first. The remainder 
will express the circumference (the diameter being 
taken as unity) to any required degree of exactness. 
We have merely to take enough fractions. The 
process would, of course, be a very laborious one, if 
great exactness were required, and as a matter of 
fact, mathematicians have made use of much more 
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convenient methods for determining the required rela- 
tion ; but the method is strictly exact. 

The largest circle we have much to do with in 
scientific questions is the earth's equator. As a matter 
of curiosity, we may inquire what the circumference 
of the earth's orbit is ; but as we are far from being 
sure of the exact length of the radius of that orbit 
(that is, of the earth's distance from the sun), it is 
clear that we do not need a very exact relation 
between the circumference and the diameter in deal- 
ing with that enormous circle. Confining ourselves, 
therefore, to the circle of the earth's equator, let us 
see what exactness we seem to require. We will 
suppose for a moment that it is possible to measure 
round the earth's equator without losing count of a 
single yard, and that we want to gather from our 
estimate what the diameter of this great circle may 
be. This seems, indeed, the only use to which, in 
this case, we can put our knowledge of the relation 
we are dealing with. We have then a circle some 
twenty-five thousand miles roimd, and each mile 
contains one thousand seven hundred and sixty yards ; 
or, in all, there are some forty-four million yards in the 
circumference, and therefore (roughly) some fourteen 
million yards in the diameter of this great circle. 
Hence, if our relation is correct within a fourteen- 
millionth part of the diameter, or a forty-four-millionth 
part of the circumference, we are safe from any error 
exceeding a yard. All we want, then, is that the 
number expressing the circumference (the diameter 
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being unity) should be true to the eighth decimal 
place) as quoted above. 

But, as we have said, mathematicians have not been 
content with a computation of this sort. They have 
calculated the number not to the eighth, but to the 
six hundred and twentieth decimal place. Now, if we 
remember that each new decimal makes the result ten 
times more exact, we shall begin to see what a waste 
of time there has been in this tremendous calculation. 
We all remember the story of the horse which had 
twenty-four nails in its shoes, and was valued at the 
sum obtained by adding together a farthing for the 
first nail, a halfpenny for the next, a penny for the 
next, and so on; doubling twenty-four times. The 
result was counted by thousands of pounds. The 
old miser who paid at a similar rate for a grave 
eighteen feet deep (doubling for each foot), killed 
himself when he heard the total. But now consider 
the effect of multiplying by ten, six hundred and 
twenty times. A fraction, with that enormous number 
for denominator, and unity for numerator, expresses 
the minuteness of the error which would result if 
the ^ long value ' of the circumference were made 
use of. Let an illustration present the meaning of 
this : — 

It has been estimated that light, which could eight 
times circle the earth in a second, takes 50,000 years 
in reaching us from the faintest stars seen in Lord 
Rosse's giant reflector. Suppose we knew the exact 
length of the tremendous line which extends from the 
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earth to such a star, and wanted, for some incon- 
ceivable purpose, to know the length of the circum- 
ference of a circle of which that line was the radius. 
The value deduced from the above-mentioned calcu- 
lation of the relation between the circumference and 
the diameter would differ from the truth by a lengtii 
which would be imperceptible under the most power- 
ful microscope ever yet constructed. Nay, the radius 
we have conceived, enormous a£ it is, might be in- 
creased a million-fold, or a million times a million-fold, 
with the same result. And the area of the circle 
formed with this increased radius would be deter- 
minable with 80 much accuracy, that the error, if 
presented in the form of a minute square, would be 
utterly imperceptible under a microscope a million 
times more powerful than the best ever yet constructed 
by man. 

Not only has the length of the circumference been 
calculated once in this unnecessarily exact manner, 
but a second calculator has gone over the work inde- 
pendently. The two results are of course identical 
figure for figure. 

It will be asked then, what is the problem about 
which so great a work has been made ? The problem 
is, in fact, utterly insignificant ; its only interest lies 
in the fact that it is insoluble — a property which it 
shares along with many other problems, as the tri- 
section of an angle, the duplication of a cube, and 
so on. 

The problem is simply this : Having given the dia^ 
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meter of a circle^ to determine ^ by a geometrical con- 
structiofiy in which only straight lines and circles shall 
be made use of, the side of a square equal in area to 
the circle. As we have said, the problem is solved, 
if, by a construction of the kind described, we can 
determine the length of the circumference ; because 
then the rectangle under half this length and the 
radius is equal in area to the circle, and it is a 
simple problem to describe a square equal to a given 
rectangle. 

To illustrate the kind of construction required, we 
give an approximate solution which is remarkably 
simple, and, so far as we are aware, not generally 
known. Describe a square about the given circle, touch- 
ing it at the ends of two diameters, AOB, COD, at 
right angles to each other, and join C A ; let COAE be 
one of the quarters of the circumscribing square, and 
from E draw EG, cutting off from AO a fourth part 
AG of its length, and from AC the portion AH. 
Then three sides of the circumscribing square together 
with AH are very nearly equal to the circumference 
of the circle. The difference is so small, that in a 
circle two feet in diameter, it would be less than the 
two-hundredth part of an inch. If this construct- 
tion were exact, the great problem would have been 
solved. 

One point, however, must be noted : the circle is 
of all curved lines the easiest to draw by mechanical 
means. But there are others which can be so drawn. 
And, if such curves as these be admitted as available. 
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the problem of the quadrature of the circle can be 
readily solved. There is a curve, for instance, in- 
vented by Dinostratus which can readily be described 
mechanically, and has been called the quadratrix of 
Dinostratus^ because it has the property of thus 
solving the problem we are dealing with. 

As such curves can be described with quite as 
much accuracy as the circle — ^for, be it remembered, 
an absolutely perfect circle has never yet been drawn 
— we see that it is only the limitations which geo- 
meters have themselves invented that give this pro- 
blem its difficulty. Its solution has, as we have said, 
no value ; and no mathematician would ever think of 
wasting a moment over the problem — for this reason, 
simply, that it has long since been demonstrated to 
be iusoluble by simple geometrical methods. So that, 
when a man says he has squared the circle (and many 
^^-ill say so, if one will only give them a hearing), he 
shows that either he wholly misunderstands the nature 
of the problem, or that his ignorance of mathematics 
has led him to mistake a faulty for a true solution. 

(From Chambers^ 8 Journal^ January 16, 1869.) 
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A NEW THEORY OF ACHILLES' SHIELD. 

A DISTINGUISHED classical authority has remarked 
that the description of Achilles' shield occupies an 
anomalous position in Homer's ^ Iliad.' On the one 
hand, it is easy to show that the poem — for the 
description may be looked on as a complete poem — is 
out of place in the ^ Iliad ; ' on the other, it is no less 
easy to show that Homer has carefully led up to the 
description of the shield by a series of introductory 
events. 

I propose to examine, briefly, the evidence on each 
of these points, and then to exhibit a theory respecting 
the shield which may appear bizarre enough on a first 
view, but which seems to me to be supported by satis- 
factory evidence. 

An argument commonly urged against the genuine- 
ness of the ^ Shield of Achilles ' is founded on the 
length and laboured character of the description. Even 
Grote, whose theory is that Homer's original poem was 
not an Iliad^ but an AchilleiSy has admitted the force 
of this argument. He finds clear evidence that from 
Book II. to Book XX., Homer has been husbanding 
his resources for the more effective description of the 
final conflict. He therefore concedes the possibility 
that the * Shield of Achilles ' may be an interpolation — 
perhaps the work of another hand. 

It appears to me, however, that the mere length of 
the description is no argument against the genuineness 
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of the passage. Events have^ indeed^ been hastening to 
a crisis up to the end of Book XVIL, and the action 
is checked in a marked manner by the ^ Oplopoeia ' in 
Book XVIII. Yet it is quite in Homer's manner to 
introduce, between two series of important events, an 
interval of comparative inaction, or at least of events 
wholly different in character from those of either series. 
We have a marked instance of this in Books IX. and 
X. Here the appeal to Achilles and the night-adven- 
ture of Diomed and Ulysses are interposed between the 
first victory of the Trojans and the great struggle in 
which Patroclus is slain, and Agamemnon, Ulysses, 
Diomed, M achaon, and Eurypylus wounded.* In fact, 
one cannot doubt that in such an arrangement Homer 
exhibits admirable taste and judgment. The contrast 
between action and inaction, or between the confused 
tumult of a heady conflict and the subtle advance of 
the two Greek heroes, is conceived in the true poetic 
spirit. The dignity and importance of the action, and 
the interest of the interposed events, are alike enhanced. 
Indeed, there is scarcely a noted author whose works 
do not afford instances of corresponding contrasts. How 
skilfully, for example, has Shakespeare interposed the 
* bald, disjointed chat ' of the sleepy porter between 
the conscience-wrought horror of Duncan's murderers 
and the * horror, horror, horror ' which ^ tongue nor 



* Another well-known instance, where * Patroclus sent in hot haste 
for news by a man of the most fiery impatience, is button-held by 
Nestor, and though he has no time to sit down, yet is obliged to endure 
a speech of 152 lines,' ia accounted for by G-ladstone in a different manner. 
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heart could not conceive nor name ' of his faithful fol- 
lowers. Nor will the reader need to be reminded of 
the frequent and effective use by Dickens of the con- 
trast between the humorous and the pathetic. 

The laboured character of th6 description of the 
shield is an argument — though not, perhaps, a very 
striking one — of the independent origin of the poem. 

But the arguments on which I am disposed to lay 
most stress lie nearer the surface. 

Scarcely any one, I think, can have read the de- 
scription of the shield without a feeling of wonder that 
Homer should describe the shield of a mortal hero as 
adorned with so many and such important objects. We 
find the sun and moon, the constellations, the waves of 
ocean, and a variety of other objects, better suited to 
adorn the temple of a great deity than the shield of a 
warrior, however noble and heroic. The objects de- 
picted even on the ^gis of Zeus are much less impor- 
tant. There is certainly no trace in the ^ Iliad ' of a 
wish on Homer's part to raise the dignity of mortal 
heroes at the expense of Zeus, yet the JEgis is thus 
succinctly described : — 

Fring'd round with ever-fighting snakes, though it was drawn to 

Hfe 
The miseries and deaths of fight ; in it frown*d bloody Strife, 
In it shone sacred Fortitude, in it fell Pursuit flew, 
In it the monster Gorgon's head, in which held out to view 
Were all the dire ostents of Jove. — ChapmarCs Translation. 

Five lines here, as in the original, suflSce for the 
description of Jove's ^gis, while one hundred and 
thirty lines are employed in the description of the 



302 LIGHT SCIENCE FOR LEISURE HOURS. 

celestial and terrestrial objects depicted on the shield of 
Achilles. 

Another circumstance attracts notice in the descrip- 
tion of Achilles' armour — the disproportionate import- 
ance attached to the shield. Undoubtedly, the shield 
was that portion of a hero's armour which admitted of 
the freest application of artistic skill. Yet this con- 
sideration is not sufficient to account for the fact, that 
while so many lines are given to the shield, the helmet, 
corselet, and greaves are disposed of in four. 

But the argument on which I am inclined to lay 
most stress is the occurrence elsewhere of a description 
which is undoubtedly only another version of the 
'Shield of Achnies.' The 'Shield of Hercules' 
occurs in a poem ascribed to Hesiod. But whatever 
opinion may be formed respecting the authorship of 
the description, there can be no doubt that it is not 
Hesiod's work. It exhibits no trace of his dry, didactic, 
somewhat heavy style. Elton ascribes the ' Shield 
of Hercules ' to an imitator of Homer, and in support 
of this view points out those respects in which the 
poem resembles, and those in which it is inferior to, ' 
the ' Shield of Achilles.' The two descriptions are, how- 
ever, absolutely identical in many places; and this would 
certainly not have happened if one had been an honest 
imitation of the other. And those parts of the ' Shield 
of Hercules ' which have no counterparts in the ' Shield 
of Achilles' are too well conceived and expressed to 
be ascribed to a very inferior poet — a poet so inferior 
as to be reduced to the necessity of simply reproducing 
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Homer's words in other parts of the poem. Those 
parts which admit of comparison — where, for instance, 
the same objects are described, but in different terms — 
are certainly inferior in the * Shield of Hercules.' The 
description is injured by the addition of unnecessary 
or inharmonious details. Elton speaks, accordingly, 
of these portions as if they were expansions of the 
corresponding parts of the * Shield of Achilles.' This 
appears to me a mistake. It seems far more likely that 
both descriptions are by the same poet. It is not neces- 
sary for the support of my theory that this poet should 
be Homer,but I think both descriptions show undoubted 
traces of his handiwork. Indeed, all known imitations 
of Homer are so easily recognizable as the work of 
inferior poets, that I should have thought no doubt 
could exist on this point, but for the attention which the 
German theory respecting the * Iliad' has received. As- 
signing both poems to Homer, the * Shield of Hercules' 
may be regarded, not as an expansion (in parts) of the 
* Shield of Achilles,' but as an earlier work of Homer's, 
improved and pruned by his maturer judgment, when 
he desired to fit it into the plan of the * Iliad.' Or 
rather, each poem may be looked on as an abridgment 
(the ^ Shield of Hercules ' the earlier) of an indepen- 
dent work on a subject presently to be mentioned. 

It is next to be shown that in the events preceding 
the * Oplopoeia,' there is a preparation for the introduc- 
tion of a separate poem. 

In the first place, every reader of Homer is familiar 
with the fact that the poet constantly makes use, when 
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occaBion serves, of expressions, sentences, often even 
of complete passages, which have been ak*ead7 applied 
in a corresponding, or occasionally even in a wholly 
different relation. The same epithets are repeatedly 
applied to the same deity or hero. A long message is 
delivered in the very words which have been already 
used by the sender of the message. In one well-known 
instance (in Book II.), not only is a message de- 
livered thus, but the person who has received it repeats 
it to others in precisely the same terms. In the combat 
between Hector and Ajax (Book VI.), the flight of 
Ajax' spear and the movement by which Hector avoids 
the missile, are described in six lines, differing only as 
to proper names from those which had been already 
used in describing the encounter between Paris and 
Menelaus (Book III.). 

This peculiarity would be a decided blemish in a 
written poem. Tennyson, indeed, occasionally copies 
Homer's manner — for instance, in * Enid,' he twice 
repeats the line — 

As careful robins eye the delver's toil j — 

but with a good taste which prevents the repetition 
from becoming offensive. The fact is, that the pe- 
culiarity marks Homer as the singer , not the writer y 
of poetry. I would not be understood as accepting 
the theory, according to which the * Iliad ' is a mere 
string of ballads. I imagine that no one who justly 
appreciates that noble poem would be willing to 
countenance such a theory. But that the whole poem 
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was sung by Homer at those prolonged festivals which 
formed a characteristic peculiarity of Achaian manners 
seems shown, not only by what we learn respecting 
the later * rhapsodists,' but by the internal evidence of 
the poem itself.**^ 

Homer, reciting a long and elaborate poem of his 
own composition, occasionally varying the order of 
events, or adding new episodes, extemporized as the 
song proceeded, would exhibit the peculiarity invariably 
observed in the * improvisatore,' of using, more than 
once, expressions, sentences, or passages which hap- 
pened to be conveniently applicable. The art of ex- 
temporizing depends on the • capacity for composing 
fresh matter while the tongue is engaged in the recital 
of matter already composed. Any one who has 
watched a clever improvisatore cannot fail to have 
noticed that, though gesture is aptly wedded to words, 
the thoughts are elsewhere. In the case, therefore, 
of an improvisatore, or even of a rhapsodist reciting 
from memory, the occasional recurrence of a well- 
worn form of words serves as a relief to the strained 
invention or memory. 

We have reason then for supposing that if Homer 
had, in his earlier days, composed a poem which was 
applicable, with slight alterations, to the story of the 

* Besides Homei^s reference, both in the * Iliad * and ' Odyssey/ to 
poetic recitations at festivals, there is the well-known invocation in 
Book n. To what purpose would the mere writer of poetry pray for 
an increase of his physical powers ? Nothing could be more proper, 
says G-ladstone, if Homer were about to write ; nothing less proper if 
he were engaged on a written poem. 
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* Iliad/ he would endeavour, by a suitable arrangement 
of the plan of his narrative, to introduce the lines 
whose recital had long since becpme familiar to him. 

Evidence of design in the introduction of the 

* Shield of Achilles' certainly does not seem wanting. 

It is by no means necessary to the plot of the * Iliad' 
that Achilles should lose the celestial armour given 
1o Peleus as a dowry with Thetis. On the contrary, 
Homer has gone out of his way to render the labours 
of Vulcan necessary. Patroclus has to be so ingeni- 
ously disposed of that while the armour he had w^om 
is seized by Hector, his body is rescued, as are also 
the horses and chariot of AchiUes. 

We have the additional improbability that the 
armour of the great Achilles should fit the inferior 
warriors Patroclus and Hector. Indeed, that the 
armour should fit Hector, or rather, that Hector 
should fit the armour, the aid of Zeus and Ares has to 
be called in — 

To this Jove's sable brows did bow ; and be made fit his limbs 
To those great arms, to fill which up the war-god enter'd him 
Austere and terrible, his joints and every part extends 
"With strength and fortitude. — Chapman'' s Translation. 

It is clear that the narrative would not have been 
impaired in any way, while its probability and con- 
sistency would have been increased, if Patroclus 
had fought in his own armour. The death of Patroclus 
would in any case have been a cause suflScient to 
arouse the wrath of Achilles against Hector — though 
certainly the hero's grief for his armour is nearly as 
poignant as his sorrow for his friend's death. 
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It appears probable, then, that the description of 
Achilles' Shield is an interpolation— the poet's own 
work, however, and brought in by him in the only- 
way he found available. The description clearly refers 
to the same object which is described (here, also, only 
in part) in the ^ Shield of Hercules.' The original 
description, doubtless, included all that is found in 
both ^ shields,' and probably much more. 

What, then, was the object to which the original 
description applied? An object, I should think, far 
more important than a warrior's shield. I imagine 
that any one who should read the description without 
being aware of its accepted interpretation would con- 
eider that the poet was dealing with an important 
series of religious sculptures, possibly that he was 
describing the dome of a temple adorned with celestial 
and terrestrial symbols. 

In Egypt, there are temples of a vast antiquity, 
having a dome, on which a zodiac — or, more correctly, 
a celestial hemisphere — is sculptured with constellation- 
figures. And we now learn, from ancient Babylonian 
and Assyrian sculptures, that these Egyptian zodiacs 
are in all probability merely copies (more or less 
perfect) of yet more ancient Chaldajan zodiacs. One 
of these Babylonian sculptures is figured in Rawlin- 
son's ^ Ancient Monarchies.' It seems probable that 
in a country where Sabseanism, or star-worship, was 
the prevailing form of religion, yet more imposing 
proportions would be given to such zodiacs than in 
Egypt. 

X 2 
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My theory, then, respecting the Shield of Achilles 
is this-r- 

I conceive that Homer, in his eastern travels, visited 
imposing temples devoted to astronomical observation 
and star-worship ; and that nearly every line in both 
* shields ' is borrowed from a poem in which he described 
a temple of this sort, its domed zodiac, and those illus- 
trations of the labours of different seasons and of 
military or judicial procedures which the astrological 
proclivities of star-worshippers led them to associate 
with the different constellations. 

I think there are arguments of some force to be 
urged in support of this theory, fanciful as it may 
seem. 

In the first place, it is necessary that the constella- 
tions recognized in Homer's time (not necessarily, or 
probably, by Homer) should be distinguished from 
later inventions. 

Aratus, writing long after Homer's date, mentions 
forty-five constellations. These were probably derived, 
without exception, from the globe of Eudoxus. 
Remembering the tendency which astronomers have 
shown, in all ages, to add to the list of constellations, 
we may assume that in Homer's time the number 
was smaller. Probably there were some fifteen 
northern and ten southern constellations, besides the 
twelve zodiacal signs. The smaller constellations 
mentioned by Aratus doubtless formed parts of larger 
figures. Any one who studies the heavens will recog- 
nize the fact that the lars:er constellations have been 
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robbed of their just proportions to form the smaller 
asterisms. Corona Borealis was the right arm of 
Bootes, Ursa Minor was a wing of Draco (now wing- 
less, and no longer a dragon), and so on. 

Secondly, it is necessary that the actual appearance 
of the heavens, with reference to the position of the pole 
in Homer's time, should be indicated. For our pre- 
sent purpose, it is not necessary that we should know 
the exact date at which the most ancient of the zodiac- 
temples were constructed (or to which they were made 
to correspond). There are good reasons, though this 
is not the proper place for dwelling upon them, for 
supposing that the great epoch of reference amongst 
ancient astronomers preceded the Christian era by 
about 2200 years. Be this as it may, any epoch 
between the date named and the probable date at 
which Homer flourished — say nine or ten centuries 
before the Christian era — will serve equally well for 
our present purpose. Now, if the effects of equi- 
noctial precession be traced back to such a date, we 
are led to notice two singular and not uninteresting 
circumstances. First, the pole of the heavens fell in 
the central part of the great constellation Draco ; and, 
secondly, the equator fell along the length of the great 
sea-serpent. Hydra, in one part of its course, and else- 
where to the north of all the ancient aquatic constella- 
lations,* save that one-half of the northernmost fish 
(of the zodiac pair) lay north of the equator. Thus, 

. : 

V 

* We may exclude Delphinus as probably later than Homer's time, 
though mentioned by Aratus. 
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if a celestial sphere were constructed with the equator 
in a horizontal position, the Dragon would be at the 
summit. Hydra would be extended horizontally along 
the equator — but with his head and neck reared above 
that circle — and Argo, Cetus, Capricomus, Piscis 
Australis, and Pisces — save one-half of the northern- 
most — would lie below the equator. It may also be 
mentioned that all the bird-constellations were then, 
as now, clustered together not far from the equator — 
Cygnus (the farthest from the equator) being ten 
degrees or so nearer to that circle than at present. 

Now let us turn to the two * shields,' and see whether 
there is anything in them to connect them with zodiac- 
temples, or to remind us of the relations exhibited 
above. To commence with the * Shield of Achilles,' 
the opening lines inform us that there appeared — 

The starry lights that heav*n's high convex crownM, 
The Pleiads, Ilyads, with the northern team, 
And groat Orients more refulgent heam. 

And here, in Achilles' shield, the list of constellations 
closes ; but it is remarkable that in the ^ Shield of 
Hercules,' while the above lines are wanting, we find 
lines which clearly point to other constellations. 
Remembering what has just been stated about Draco, 
it seems at the least a singular coincidence that we 
should find the centre or boss of the shield occupied 
by a dragon : — 

The scaly horror of a dragon, coird 
Full in the central field, unspeakable, 
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With eyes oblique retorted, that aslant 
Shot gleaming flame.* — Elton's Translation. 

We seem, also, to find a reference to the above-named 
relations of the aquatic constellations, and specially to 
the constellation Pisces: — 

In the midst^ 
Full many dolphins chased the fiy, and show'd 
As though they swam the waters, to and fro 
Darting tumultuous : twof of silver scale 
Panting above the wave. 

For we learn from both * shields' that the waves of 
ocean were figured in a position corresponding with 
the above-mentioned position of the celestial equator, 
beneath which — that is, in the ocean ^ on our assump- 
tion — the aquatic constellations were figured. The 

* Compare the description of the constellation Draco by Aratus : — 

Swol'n is his neck — eyes chai:g'd with sparkling fire 

His crested head illuine. As if in ire 

To Helice he turns his foaming jaw 

And darts his tongue, barb'd with a blazing star. 

LamVs Translation. 

t It is scarcely necessary to remark that no importance is to be 
attached to the numerical relations in this and other passages. In the 
original work describing a zodiac-dome, the exact number of constella- 
tions representing fishes, dogs, or the like, would of course be men- 
tioned ; but any changes necessary to Homer's purpose in describing a 
shield would unhesitatingly have been introduced by him subsequently. 
It is singular, however, that we should have here, and in the passage 
quoted farther on as referring to Orion and the Dogs, the number two 
specially mentioned. The latter instance is the more remarkable inas- 
much as the mention of men and hares would lead one to expect that 
more than two dogs would be introduced. I would suggest as a suffi- 
cient reason for this peculiarity that the verbal alterations necessary to 
pluralise some of the objects in the dome would be more easily effected 
than those necessary to uudualise others. 
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description of the ocean in the * Shield of Hercules ' 
contains also some lines^ in which we seem to see a 
reference to the bird-constellations close above the 
equator: — 

Bounding the utmost verge the ocean flowed 

As in full swell of waters, and the shield 

All variegated with whole circle bound. 

Swans of high-hovering wing there clamour'd shrill, 

Who also skimm'd the breasted surge with plume 

Innumerous ; near them fishes 'midst the waves 

Frolick'd in wanton bounds. 

In the ^ Shield of Achilles ' no mention is made of 
Perseus, but in the * Shield of Hercules ' this well- 
known constellation seems described in the Hues— 

There was the knight of fair-hair*d Danae bom, 
Perseus ; nor yet the buckler with his feet 
Touch 'd nor yet distant hover'd, strange to see, 
For nowhere on the surface of the shield 
He rested ; so the crippled artist-god 
Illustrious fram'd him with his hands in gold. 
Bound to his feet were sandals wiug'd ; a sword 
Of brass, with hilt of sable ebony, 
Hung round him from the shoulders by a thongc 

^ The visage grim 

Of monstrous Gorgon all his back o'erspread j 

. the dreadful helm 

Of Pluto clasp'd the temples of the prince. 

I think that one may recognise a reference to the 
twins Castor and Pollux (the wrestler and boxer of 
mythology) in the words — 

But in Another part 
Were men who wrestled, or in gymnic fight 
Wielded the cestus. 
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Orion is not mentioned by name in the * Shield of 
Hercules,' as in the other ; but Orion, Lepus, and the 
two dogs seem referred to : — 

Elsewhere men of chase 
Were taking the fleet hares ; two keen-toothed dogs 
Bounded beside, these ardent in pursuit, 
Those with like ardour doubling in their flight. 

In each * shield ' we find a reference to the operations 
of the year — hunting and pasturing, sowing, ploughing, 
and harvesting. It is hardly necessary to point out the 
connection between these operations and astronomical 
relations. That this connection was fully recognised 
in ancient times is shown in the * Works and Days ' of 
Hesiod. We find also in Egyptian zodiacs clear evi- 
dence that these operations, as well as astronomical 
symbols or constellations, found a record in sculptured 
domes. 

The judicial, military, and other proceedings de- 
scribed in the * Shield of Achilles ' were also supposed 
by the ancients to have been influenced by the courses 
of the stars. 

If we had no evidence that ancient celestial spheres 
presented the constellations above referred to, we 
might be disposed to attach less weight to the coinci- 
dences here presented ; but the * Phenomena ' of 
Aratus affords suflScient testimony on this point. In 
the first place, that work is of great antiquity, since 
Aratus flourished two centuries and a half before the 
Christian era ; but it is well known that Aratus did 
not describe the results of his own observations. The 
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positions of the constellations, as recorded by him, 
accord neither with the date at which he wrote nor 
with the latitude in which he lived. It is generally 
assumed— chiefly on the authority of Hipparchus — 
that Aratus borrowed his knowledge of astronomy 
from the sphere of Eudoxus ; but we must go much 
farther back even than the date of Eudoxus, before we 
can find any correspondence between the appearance 
of the heavens and the description given by Aratus. 
Thus we may very fairly assume that the origin of the 
constellations (as distinguished from their association 
with certain circles of the celestial sphere) may be 
placed at a date preceding, perhaps by many genera- 
tions, that at which Homer flourished. 

Indeed, there have not been wanting those who find 
in the ancient constellations the record of the early 
history of man. According to their views, Orion is 
Nimrod — the ^ Giant,' as the Arabic name of the con- 
stellation implies — the mighty hunter, as the dogs and 
hare beside him signify. The Centaur bearing a 
victim towards the altar is Noah ; Argo, the stern of a 
ship, is the ark, as of old it might be seen on Mount 
Ararat. Corvus is the crow sent forth by Noah, and 
the bird is placed on Hydra's back to show that there 
was no laud on which it could set its foot. The figure 
now called Hercules, but of old Engonasin, or the 
kneeler, and described by Aratus as * a man doomed 
to labour,' is Adam. His left foot treads on the 
dragon's head, in token of the saying, ^ It shall bruise 
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thy head ; ' and Serpentarius, or the serpent-bearer, is 
the promised seed. 

Of course, if we accept these views, we have no 
difficulty in understanding that a poet so ancient as 
Homer should refer to the constellations which still 
appear upon celestial spheres. And, in any case, the 
mere question of antiquity presents, as we have already 
shown, little difficulty. 

But there is a difficulty in one respect, a notice of 
which must close this paper, already carried far beyond 
the limits I had proposed to myself: — It may be 
thought remarkable that heroes of Greek mythology, 
as Perseus and Orion, should be placed by Homer, or 
even by Aratus, in spheres which are undoubtedly of 
eastern origin. 

Now it may be remarked, first, of Homer, that many 
acute critics consider the whole story of the * Iliad ' to 
be, in reality, merely an adaptation of an eastern narra- 
tive to Greek scenes and names. It is pointed out, 
that, whereas the Catalogue in Book II. reckons up- 
wards of 100,000 men, only 10,000 fought at Mara- 
thon; and, whereas there are counted no less than 
1200 ships in the Catalogue, there were but 271 at 
Artemisium, and at Salamis but 378. However this 
may be, we have the distinct evidence of Herodotus 
that the Greek mythology was derived originally from 
foreign sources. He says, * All the names of the gods 
in Greece were brought from Egypt,' an opinion in 
which Diodorus and other eminent authorities concur. 
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But it is the opinion of acute modern critics that we 

must go beyond Egyptian — to Assyrian, or Indian, 

perhaps even to Hebrew sources, for the origin of 

Greek mythology. Bryant traces nearly all the Greek 

myths to traditions of the Aspersion of the Cuthites or 

Cuseans. And Layard has ascribed to Niebuhr the 

following significant remarks : * There is a want in 

Grecian art which neither I, nor any man now alive, 

can supply. There is not enough in Egypt to account 

for the peculiar art and the peculiar mythology which 

we find in Greece. That the Egyptians did not 

originate it I am convinced, though neither I, nor 

any man now alive, can say who were the originators. 

But the time will come when, on the borders of the 

Tigris and Euphrates, those who come after me will 

live to see the origin of Grecian art and Grecian 

mythology.' 

(From The indent, June 1868.) 
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* Doubtless the time had arrived when the 
numerous observations and hyx)otheses of 
astronomers and the experiments of physic- 
ists should be arranged and digested. For 
such work (which consists partly of the due 
appreciation of existing theories and partly 
of the devisal of new), and for the popular 
interpretation of the wonders of astrono- 
mical science, no writer seems better adapted 
than the Author of the book before us. He 
possesses remarkable powers of clear reasoninet 

extensive knowlecUire« and a facile pen With 

perfect propriety Mr. ProCTOr lavs great stress 
on a thorough understandins: or spectroscopic 
analysis, and says, truly enough, that the whole 
history of many recent scientific researches is a 
sealed book to those who do not clearlv understand 
the nature of the instrument by trhich the re- 
searches have been effected. Some fifty paurus and 
twenty illustrative flRures are devoted to a nistory 
of spectrum researches, especially as applied to the 

Sun's rays The Appendigks on the Transits 

of VE2rT78 in 1874 and 1882. and on Eclipses, will be 
of particular value to those who wish to pursue 
these important subjects of astronomical study. It 
will be evident that the subject-matter of Mr. 
PROCrOR'8 volume, and the mode in Which he has 
treated it, are calculated to attract and instruct 
the ireneral reader. Other features of the book 
conduce to the same end. Such features are the 
clearness of the type, the appropriateness, beauty, 
and in some instances the weird splendour of the 
illustrations, as well as the ease of diction and the 
lucidity of argtunent and explanation Which cha- 
racterise the book. Wherever popular explanation 
of scientific reasoning is possible, the Author does 
not shrink from the task of giving it. and he accom- 
plishes this task without fatiguing the attention 
of the reader.' Spkotatub. 

* Those who are desirous of obtaining some 
insight Into the present condition of our 
knowledge as regards the Sun will do well 
to provide themselves with this book. It is well 
illtistrated with woodcuts and coloured illustra- 
tions, and is clearly and agreeably written.' 

OaBDBNBB^S CUBOMOLB. 

* The third chapter of the latest of Mr. 
Pboctor's masterly astronomical mono- 
graphs gives, without any exception what- 
ever, the very best description of the theory and 
practical use of the spectroscope as applied to the 
analysis of sunlight that we have ever seen in 
print. The illustrations. Which are especially 
numerous, are of a very high class indeed, and 
notably does this encomium apply to the chromo- 
lithographs with which the book is adorned. In 
the case of those to whom this notice may serve ta 
an introduction to an admirable book, we would 
condense the result of our criticism into two words 
—Read it.' 

ENGLISH MeohaNIO and Mirbob of Soibnoh. 

* Mr. Proctor has brought together a full 
account of the various discoveries which have 
recently been made, including the fresh re- 
mits obtained by the spectroscope and photo- 
Rraphy. Tne book la not only Interestins to 
the utronomer, who will find many original 



ideas and suggestions made by the Author, 
but it is of singular interest to the general 
reader. Those who have not the time or 
opportunity for studying the science itself will 
get from this hook clear and faithful records of 
the results obtained by recent scientific researches, 
and gain, with little mental labour, an accurate 
idea of what is at present known, so far as the 
Sun is concerned, of the most fascinating of the 
sciences.' * Lasd and Watbb. 

* We can but be struck here with the won- 
derful richness of expression which Mr. 
Proctor possesses, and which he exercises so 
admirably and judiciously. Astronomy .which 
has been ever admitted to be the grandest 
and sublimest of the sciences, requires such 
language to give full force to her marvellous 
results and deductions. The book commends 
itself both to the man of science and to the general 
reader. The complete astronomer must revel in 
this book not less than the man who when he 
opened it did not know the meaning of parallax 
and proper motion, and Was all-ignorant of solar 
willow- leaves and spiral prominences. The most 
recent results have been mtroduced, yet the book 
is popular in style. Popular scientific books are 
seldom the Work of the real savant, yet Mr. 
PuocroR is an accomplished astronomer and 
sound mathematician, and scarcely a number of 
the Journal of the Astronomical aociety appears 
Wit '-out a paper trom. his pen. We have long 
wanted in this country books of the class of GuiL- 
LEMiif's works; popularly written, well printed, 
profusely illustrated, and accurate; instructive 
without being dull ; stimulative, and of a nature 
to lead the reader deeper and deeper into the 
depths of science. Mr. Proctor has supplied us 
with such a book as regards sohur astronomy, and 
we cannot be too grateiul to him.' 

Quarterly Journal of Science. 

*We can, of course, notice but a very 
feeble portion of so deeply interesting a 

volume It is elaborately illustrated, the 

coloured lithographs of spectroscopic obser- 
vations being especially good, «ad being valuable to 
the general student because of their lubsence from 
nil Works with Which he co-nes in contact. In 

Kint of style the work is everything which could 
desired. In conclusion we must say a word 
of praise for the publishers and printers — the book 
is admirably got iip, both as to paper, print, and 
illustration.' FomiLAB Science Review. 

* A complete work on the Sun would be, 
almost of necessity, a complete history of 

astronomy That which can be done 

without extending the volume to impractica- 
ble dimensions has been done, and we need 
scarcely say done Well, by Mr. Progtob in his 
last Welcome addition to astronomical literature. 
If umerous explanatory woodcuts and several ex« 
cellent colouried lithographs adorn the volume t 
and we feel sure that this latest contribution by Mr. 
PboCtor to the astronomer's library wiU be re 
ceived with satisfaction, not only by those especially 
in'erested in solar research, but by the scientifio 
public generally.' AsTbonobuoal Rsoistsr. 
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*The idea of Mr. PnocrroR's book has 
manife^ly been suggested by the famous 
controversy between Dr. Whewell and Sir 
David BuiswsTER respecting the plurality of 
worlds. Since the date of that combat a 
flood of new light has been thrown on the 
constitution of the solar ay8*«m by the reve- 
lations obtained through the solar sj)ecrirum. 
We can now tell the materials of which the 
eeveral planets are comuorfed. We have 
ascertained vrith something like certainty 
which of these bodies are fitted to be the* 
dwelling-place of such life as exists on our 
own earth. The surface of Jupiter is no 
longer a complete mystery ; we know some- 
thing of Saturx ; and Mars has been so 
succe.-'sf ully surveyed that we possess some- 
thing like an accurate chart of his continents 
and seas. Mr. Proctor describes many of 
the more recent scientific revelations on 
t^ese subjects with such force and vividness 
that, even to the unscientific reader, his book 
is one of considerable interest.' 

Daily Tetjegravh. 
* A book treating learnedly, yet simply and 
intelligibly, of those fcTcat questions con- 
cerning the laws of the universe of which the 
outside world has lar<?ly heard so much and 
understood so little, and written in such ex- 
cellent English that its literary merits are 
nearly equal to its scientific value. . . . The 
work differs from most of its class in being 
full of original matter, which though familiar 
to the astronomer is quite new to the general 
reader.' Sciextikic Optxiox. 

' We can assure the reader that he will find 
in this volume the latest informati<»n and 
much that is interesting and important. 
The views exj)ressed as to the constitution of 
the sidereal universe differ from those usually 
held, are clearly expressed and supported by 
strong arguments and original and forcible 
evidence. Mr. Proctor has evidently con- 
sidered this subject carefully. In the part of 
the book which relates to the solar system 
useful information is more especially given 
to the non-scientific reader.' Athenjeum. 



• Probably no science during the last few 
years has made such rapid strides as astro- 
nomy. This advance is mainly o-wing to the 
discovery of the spectroscope, and its appli- 
cation to astronomical purposes. That won- 
derful instriunent, more wonderful perhaps 
than the telescoi^e, may be appropriately 
termed a Ught-sifter^ and is used to analyse 
the light which comes to ns from other orbs 
across the ocean of space, bo as to set before 
us their general character and structure. 
The Author of the present work attempts to 
make use of the startling discoveries effected 
by the aid of the spectroscope, in order to 
form juster views of the structure and re- 
lations of the planetary and stellar systems. 
He again raises the question of the plurality 
of worlds, which a few years ago employed 
the scientific nnd dialectic skill of such men 
as Dr. Whewell and Sir David Brewster, 
and ages before fascinated the early philo- 
sophers of ancient Greece. Mr. PitocTOR 
considers that scirnce has progressed so 
rapidly of late that the subject of life in 
other worlds has assumed a new aspect since 
Wh E well's /* M/'rt/iVy of Worlds and Brew- 
ster's More Worlds than One were written. 
Arguments which were hypothetical thirty 
years ago have either become certainties or 
been disproved. Doubtful points have be*»n 
cleared up ; a new meaning has been found 
even in those facts which were well kno^Ti 
to both the disputants ; and, lastly, a new 
mode of research has been devised, which has 
not only revealed a number of surprising 
facts, but promises to work yet greater mar- 
vels in the years which are to come. Cer- 
tainly Mr. Proctor has taken some pains 
and trouble to expound and illustrate his 
arguments and theories ; and his work shows, 
moreover, much patient research and wide 
scientific reading. If we are occasionally 
compelled to differ from some of his con- 
clusions, we cannot deny the fact that be 
has produced a most interesting work on 
a very fascinating subject.' 

EXAMINEB. 
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* A moflt valuable volume. . . . From It, more 
than from almost any other hook with which 
we are acquainted, do we get an idea of tlie 
stupendous actual and potential eiierfiries of our 
minds, and of the many-sided attaclis made by 
them upon things unknown. How many In a 
thousand know as much of our earth as any- 
liody may learn about Saturn iu a day from the 
hook before us? Mr. Proctob Is happy in his 
subject, and equally happy in his treatment of 
It. The iUustratiims are second to none we 
have ever seen, and add greatly to the value of 
the book, the style of which is really a model 
of a semi-special treatment of a scientiflc 
subject.' Rkadrr. 

'Though professedly limited to one planet, 
the work is a valuable treatise on general 
astronomy.* Jourkal of Science. 

'A remarkable work. . . . Well deserving the 
study of those who feel an interest in this 
wonderful object.' Intellectual Observer. 



*Mr. Proctor's new theory of the rings 
Indefinitely raises our estimate of the niar- 
vellous nature of the phenomena tliey exiiibit.' 

Spectator, First Notice. 

* Mr. Proctor may fairly claim tlie title of 
the historian of Saturn. All tliat is known 
about tlie planet, and all that can be conjectured 
by a well-trained mathematical mind, is detailed 
at length In this volume.' 

Spectator, Seemid Notice. 

* A monograph, and a very comttlote one.' 

ATH EN-SUM. 

* A work which merits the attention of all to 
whom Saturn is an object of interest. The 
Illustrations are a marvel of vivid engraving 
in steel and copper.' 

Illustrated Loxdos News. 
*A beautiful monograph upon the ringed 
planet, well written and full of erudition. 

Popular Sciekck Review. 
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Ek> arranged that while the distortion in each map is greatly less than in any star-maps yet 
oonstmcted on the Unomonic projection, the constellations of each hemisphere are exhibited 
an a single view in their proper relative positions. The maps are given in dui)licate, two 
steel plates (coloured) presenting the usnal features of star-maps, while two stereo plates 
exhibit the Stars and Milky Way alone on a black background. Royal 4to. price, complete 
with Introduction, in stiff paper cover, 7s.; steel plates, coloured, each 2«.6d. ; stereo 
plates, each 6d, 

•Convenient precise, and easily Intelligible.* 

Popular Science Re>tew. 
• We have never, in our experience, met with 
plates more beautifully drawn. The letterpress 
furnishes complete and very Interesting ex- 
jilauatious of tlie contents of the maps.* 

Edugatiosal Times. 



' The best star-maps we have seen.' 

Reader. 
'The most generally useful series that have 
appeared.* Intellectual Observer. 

' An Ingenious plan, well executed.' 

ATHEN2EUM. 



A NEW STAE-ATLAS. 



In 12 Circular Maps, 13 inches in diameter, containing all the stars visible to the naked 
eye, and about 1,600 objects of interest (red stars, double stars, &c.). Photolithosraphed by 
A. Brothers, F.R.A.8. With 2 coloured Index Maps (see preceding announcement) and a 
letterpress Introdnction. In small folio : price with Index Maps, 25jt., without, £1 ; cloth 
(bevelled edges). 



•I have no objection to your mentioning my 
high approval of this work.* 

From a letter by Sir John Hersohel. 

* A splendid book, an indispensable com- 
panion for all speculative astronomers who can 
afford to use it. These maps are a far better 
8ui)8tltute for the he<vens than anything we 
have yet possessed. Their real value lies In 
their wonderful accuracy, united with their 
extreme convenience for reference. It Is not 
easy to convey an Idea of the amount of thought 
and labour expended In bringing these maps to 
the utmost point of perfection ; and the grati- 
tude of all who are interested in astronomy is 



due to Mr. Proctor and Mr. Brothers, for 
the liberal and loving execution of a work 
from which they can scarcely expect to receive 
any adequate pecuniary remuneration.' 

Guardian. 
•A set of maps of the heavens wiilch areas 
excellent In mere details of printing as they 
are accurate and reliable in an astronomical 
sense. We are compelled to offer our best 
thanks to Mr. Proctor for the great labour 
and time whicli he must have spent in his 
endeavour to brlnsr them to their present 
perfection.* Popular 6olE^'CK Review. 



London : LONGMANS and CO. 



BY THE SAME AUTHOR. 



THE HANDBOOK OF THE STARS. 

With Maps and Diagrams, and instructions fbr mapping the heavens . . Square top. 8vo. prioe 5i. 



* Indeed an Indispensable handbook to the 
astrunoinlcal observer.' Rbadeb. 

' The best we have seen. . . . lilustrated in a 
bold and distinct manner.' 

ASTBOXOXlOAIi RBGISTBB. 



'As a guide to a knowledge of the con- 
stellations, this book will he found remarkably 
useful.' laTSLLBcrrtTAL Omsbrtbr. 

' Will be found very useful by those engaged 
in stellar observations.' 

POPCLAB SOIBSOB RBTIBW. 



SUN-YIEWS OF THE EARTH; OR, THE SEASONS 

ILLUSTRATED. 

With 13 Golonred Lithographs, including 48 views of the Earth as seen from the Sun at 
different hours and seasons. 4to. price 6«. 



* To those who wish thoroughly to understand 
this interestinff subject, we recommend this 
lM)ok as cuntaiuing by far the best illustrations 
of the seasons we have yet seen.' 

PAPBBS rOB TUB SOUOOLMASTBB. 



* The whole work is beautifully designed, and 
the design is excellently carried out. For six 
shillings as much instruction is given as is too 
often represented by about £6 worth of school 
fees.' 
English Mbchaxio and Mibbob or Soihxcb. 



CHARTS (large 4to.) 

The Orbits of Mars, the Earth, Venns, and Mercury. Prioe 6d. i por the first time 
The Orbits of Neptune, Uranus, Saturn, and Jupiter. Price 6d. i shown truly to scale. 
The Lands and Seas of Mars, from 27 drawings by Mr. Dawbs. Ooloured, price Is, 

' All of these we must heartily recommend.' Ekolish Mbchahio and Mibbob or Scibsox. 



London : LONGMANS and CO. 



Wo7'ks hy the same Author ^ published by R. HARDWICKE, 

192 Piccadilly. 



HALF-HOUES WITH THE STARS. 

With 12 Quarto Maps. The only series from which the elevation and bearing of a star, at 
any hour of any night, can be found at once. 4to. price 5«. 



' Mr. Phootor has done a great deal already 
to popularise astnmomy by bis writings, as he 
has also achieved much by his original investl- 
gaticms to advance our knowledge of the 
heavenly bodies.' 

POPULAB SOIBSOB RBVIBW. 



' Mr. Pboctob combines the rare qualities of 
a profound investigator, a good scholar, and a 
patient master; and we think he has done more 
to render astronomy popular than any other 
writer of the present day.' 

BciBSTirio Ophtiov. 



HALF-HOURS WITH THE TELESCOPE: 

Being a popular guide to the use of the Telescope as a means of Amusement and Instruction. 
With Maps, and Drawings of Double Stars, Nebulas, &c. Pep. 8vo. price 2«. W. 

' Mr. Pbootob writes from love of his 8Ui)jeet| and his works are sound and useful' Ktuesmvu, 
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1832. 16mo. 1«. 

INAUGUBAL ABDBESS delivered to the Unlyersity of St Andrews. 
By John Stuabt Mill. 8yo. 68. People's Edition, crown 8yo. Is, 

A DICTIONABY of the ENGLISH LANGUAGE. By R G. Latham, 
MA. M J). P.B1.S. Founded on the Dictionary of Dr. Samuel Johnbov, as 
edited by the Bev. H. J. Todd, with numerous Emendations and Additions. 
In Four Yolumes, 4to. price £7. 

TH]bSAUBUS of ENGLISH WOBDS and PHBASES, classified and 
arranged so as to facilitate the Expression of Ideas, and assist in Literary 
Gomposition. By P. M. Boost, M.D. New Edition. Grown 8vo. 10«. (W. 

LECTUBES on the SCIENCE of LANGUAGE, delivered at theBoyal 
Institution. By Max MVlleb, M.A. Ac. Foreign Member of the French 

-Institute. Sixth Edition. 2 vols, crown 8vo. price 18«. 

CHAPTERS on LANGUAGE. By Fbedebio W. Fabrab, F.B.S. 

Head Master of Marlborough College. Grown 8vo. Ss,M, \ ' ', 

WOBB-GOSSIP ; a Series of Familiar Essays on Words and their 

Peculiarities. BytheBev.W. L. Blacklet, MJL f'cp.Svo.te. ' 

A BOOK ABOUT WOBDS. By G. F. Graham, Author of * English, 
or the Art of Gomposition,' Ac. Fcp. 8to. price 8«. 6<2. 

The DEBATES ; a Series of Complete Debates, OntMnes of Debates, 
and Questions for Discussion. ByF. Bowroir. Fcp. 6«. 

1[AHUAL of ENGLISH LITEBATUBE, Historical and CritioaL By 
Thomas Ajutold, MA. Second Edition. Grown 8vo. price 7s, M, 

80UTHET8 DOCTOB, complete in One Volume. Edited by the Ber. 
J. W. Wabtbb, B.D. Square crown 8yo. 12«. 6<2. 

HISTOBICAL and CBITICAL COMMENTABT on the OLD TESTA- 
MENT ; with a New Translation. By M. M. Kalisoh, PhJ). VeL. L 
Osnesis, 8vo. IBs, or adapted for the General Beader, 129. Yol. IL Baedus, 
16s. or adapted for the Geaeral Beader, Its, YoL. IIL ZevMcuSt PiBT I. 
I6s, or adapted for the General Beader, 8«. 
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1 HEBBEW eBAXHAB, witk EXEBGI8ES. By M. M. Kausoh^ 
Ph.D. Past I. OutUneg with S»er»%se% 8to. Its, Bd. Key, 68, Pabt II. 
JB»c0ptional Forms and ConatruoHotu, 128, fid, 

L LATIN-ENGLISH DICTIONABT. By J. T. White, D.D. of 
Corpus Ohristi College, and J. B. Riddle, M JL. of St. Edmund Hall, Oxford. 
Third Edition, reviaed. 2 vols. 4to. pp. 2,128. price 42«. cloth. 

White's College Latin-English Dictionary (Intermediate Size), 
abridged for the use of University Students from the Parent Work (as 
above). Medium 8vo. pp. 1,048, price 18«. cloth. 

White's Jnnior Stndent's Complete Latin-English and English-Latin 
Dictionary. New Edition. Square 12mo. pp. 1,05S, price 12«. 

fi«,>*«.tAW i The ENGLISH-LATIN DICTIONARY, prices*. 6d. . 
separately | ^j^^ lATIN-BNQLISH DICTIONARY, price 7». (W. 

An ENOLISH-GBEEX LEXICON, containing all the Greek Words 
used by Writers of good authority. Sy C. D. YosrOE, B.A. New Edi- 
tion. 4to. 21«. 

Hr. YONGE'S NEW LEXICON, English and Greek, abridged firom 
his larger work (as above). Revised Edition. Square 12mo. Ss, 6d. 

A GREEK-ENGLISH LEXICON. Compiled by H. G. Liddell, D.D. 
Dean of Christ Church, and R. Soott. D.D. Dean of Rochester. Sixth 
Edition. Crown 4to. price SQs. 

A Lexicon, Greek and English, abridged from Liddsll and Scott's 
Oreek'SngUgh Lexicon, Twdfth Edition. Square 12nio. 78, 6d, 

A SANSKRIT-ENGLISH DICTIONARY, the Sanskrit words printed 
both in the. original Dovanagari and in Roman Letters. Compiled by 
T. Benfet, Prof, in the Univ. of Gdttingen. 8vo. 62s. 6d, 

WALKER'S PRONOUNCING DICTIONARY of the ENGLISH LAN- 
GUAGE. Thoroughly revised Editions, by B. H. Shabt. 8vo. 12«. 16mo. 68, 

A PRACTICAL DICTIONARY of the FRENCH and ENGLISH LAN- 
GUAGES. By L. CoKTiLKSEAU. Pourteenth Edition. Post 8vo. 10«. 6d. 

Contansean's Pocket Dictionary, French and English, abridged from 
the above by the Author. New Edition, revised. Square 18mo. S8, Qd, 

NEW PRACTICAL DICTIONARY of the GERMAN LANGUAGE ; 

German-English and English-German. By the Rev. W. L. Blacxlet. M JL. 
and Dr. Cabl Mabtin Fbiedlabdes. Post 8vo. 7«. 6d, 

The MASTERY of LANGUAGES ; or, the Art of Speaking Foreign 
Tongues Idiomatically. By Thomas Peevdeegast, late of the C^vil 
Service at Madras. Second Edition. 8to. Gs, 



Miscellaneoics Works and Popular Metaphysics. 

The ESSAYS and CONTRIBUTIONS of A. K. H. B., Author of The 
Recreations of a Country Parson.' Uniform Editions :— 

Recreations of a Country Parson. By A. K. H. B. First and SsoovD 
Sebies, crown 8vo. 3s, Qd, each. 
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TheCOKHOV-PLACE FHIL080PHEB in TOWV and COUKTBT. By 

A. K. H. B. Grown Syo. prife 3«. 6d. 

Leisure Hours in Town; Essays Consolatory, JEsthetical, Moral, 
Social, and Domestic. By A. K. H. B. Crown 8to. Zs, M. 

The Autumn Holidays of a Country Parson ; Essays contributed 
to Fraser^a Magaeine and to Good Words, By A. K. H. B. Chrown 8vo.3«. 6d. 

The Graver Thoughts of a Country Parson. By A. K. H. B. First 
and Sboond Sbsies, crown 8vo. S«. 6^1. each. 

Critical Essays of a Country Parson, selected from Essays cfm^ 
%rih\xt&di\iO FroMn^B Magazine, ByA.K.H. B. Crown 8vo. 8tf. dd. 

Sunday Afternoons at the Parish Church of a Scottish University 
City. ByA.KH.B. Crown 8vo. 8«. 6^1. 

Lessons of Middle Age ; with some Account of various Cities and 
Men. ByA. K.H.B. Crown 8yo. 8<. 6(f. 

Counsel and Comfort spoken from a City Pulpit. By A. K. H. B. 
Crown 8yo. price Zs. M, 

Changed Aspects of Unchanged Truths ; Memorials of St. Andrews 
Sundays. By A. K. H.B. Crown 8vo. 8«. M, 

Present-day Thoughts ; Memorials of St. Andrews Sundays. By 
A.K.H.B. Crown 8vo. S«. 6(2. 

SHOBT STUDIES on GBEAT SUBJECTS. By James Anthony 
Fboudb. M. a. lato Pcllow of Exeter Coll. Oxford. Third Edition. 8to. 12s. 
Second Sebies, nearly ready. 

LOBD MACAULAT'S MISCELLANEOUS WBITINGS:^ 

LiBRAST Edition. 2 vols. 8vo. Portrait, 21«. 
People's Edition. 1 vol. crown 8to. 49. M, 

The BEY. STDHET SMITH'S MISCELLANEOUS WOBKS ; includ- 
ing his Contributions to the Edinburgh Review, Crown 8yo. 6«. 

The Wit and Wisdom of the Bev. Sydney Smith: a Selection of 
the most memorable Passages in his Writings and Conversation. 16mo. S<. 6d. 

TBACES of HISTOBT in the NAMES of PLACES; with a 
Vocabulary of the Boots out of which Names of Places in England and Wales 
are formed. By Playell Edmunds. Crown 8yo. Is, 6d. 

The ECLIPSE of FAITH ; or, a Visit to a Religious Sceptic. By 
Heney Eogbbs. Twelfth Edition. Pep. U, 

Defence of the Eclipse of Paith, by its Author ; a rejoinder to Dr. 
Newman's J20p^. Third Edition. Pop.8«.'6c2. 

Selections from the Correspondence of B. E. H. Greyson. By the 

same Author. Third Edition. Crown 8vo. 7«. 6<{. 

FAMILIES of SPEECH, Four Lectures delivered at the Royal 
Institution of Great Britain. By the Bev. P. W. Paebae, MJL P.B.S. 
Head Master of Marlborough College. Post 8to. with Two Maps, S«. %d, 

CHIPS from a GEBMAN WOBESHOP; being Essays on the Science 
of Beligion, and on Mythology, Traditions, and Customs. By Max 
MtLLEE. MA. &G. Foreign Member of the Prenoh Institute. S.vols. 8yo.£2. 

B 
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AVALT8IS of the PHEKOICEHA of tho KUKAS HIBB. By 
Jakm IfiLL. A New Bdition, with Notts, lUustrative and OritiiMa. br 
Ajsmtamdwr Bxiir. Aydbiw FnrDLATBS. and OBoxeB Qxotb. Editeo, 
with additional Notas, by Jomr Stuast Mill. 2 vols. 8vo.j[nrice 28ff. 

An IMTSODTTCTIOH to MXRTAL PHIL080PHT, on the IndactiTe 
Method. Bj J.D.Moxbll,MJl.LLJ). 8to.12«. 

SLBKBVTB of FSTCHOLOeT, containing the Analjsis of the 
InteUectual Powen. By the same Author. Post 8yo. 7«. M. 

The SECRET of HSGBL: being the Hegelian System in Origin, 
Prinoiple, Form, and Matter. By J. H. STiSLnre. 2 vols. 8yo. 28«. 

Sir William Hamilton ; being the Philosophy of Perception : an 
Analysis. By the same Author. 8vo. 6t, 

The SENSES and tho INTELLECT. By Alexandbb Bain, M.D. 
Professor of Logic in the University of Aberdeen. Third Edition. 8to. 16t. 

The EMOTIONS and the WILL. By the same Aathor. New 
Edition, preparing for publication. 

On tho STTTDT of CHABACTEB, including an Estimate of Phrenology. 
By the same Author. New Edition, preparing for publication. 

MENTAL and MOBAL SCIENCE: a Compendium of Psychology 
and Bthios. By the same Author. Second Edition, drown 8to. lOi. ed. 

LOOIC, DEDUCTIVE and INDUCTIVE. By the same Author. In 
Two PiJLTS, crown Syo. lOf. 6d. Each Part may be had separately t— 
PiJLT I. Deduction, 4». Past II. Induction, 68, 6d. 

TIME and SPACE; a Metaphysical Essay. By Shadworth H. 
HoDChsov. (This work covers the whole ground of Speculative Philosophy.) 
8vo. price 16«. 

The Theory of Practice ; an Ethical Inquiry. By the same Author. 
(This work, in conjunction with the foregoing, completes a system of Philo- 
sophy.) 2 vols. 8vo. price 24». 

STSONG AND FBEE ; or, First Steps towards Social Science. By 
the Author of * My Life, and What s^ I do with it ? ' 8vo. price 109. 9d, 

Tho PHILOSOPHT of NECESSITY; or, Natural Law as applicable to 
Mental, Moral, and Social Science. By Chablbb Bbat. Second Edition 
8vo. 99, 

The Ednoation of the Peelings and Affections. By the same Author. 
Third Edition. 8vo.8«.«<2. 

On Force, its Mental and Moral Correlates. By the same Author. 
8ve. 6t. 

A TBEATISE on HUMAN NATUBE; being an Attempt to Introduce 
the Experimental Method of Beasoninr into Moral Subjects. By Datid 
Humb. Edited, with Notes, Ac. by T. H. Gbebb, Fellow, and T. H. 
Gbosb, late Scholar, of Balliol College, Oxford. [J» ths pren. 

ESSATS MOBAL, POLITICAL, and LITEBABT, By David Hvms. 
By the same Editors. [/» t?te preu. 
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Astronomy J Meteorology^ Popular Geography^ &c. 

OUTUNXS of ASTBONOMT. By Sir J. F. W. Hsmohbl, Bart 
HLJl, Tenth Edition, revised; with 9Plates and many Woodcuts. 8yo.l8«. 

The SUH ; BULEB, LIGHT, FIBE, and LIFE of the PLAHETABT 
SYSTEM. By Bichasd A. Pboctob, BJL P.B.XS. With 10 Flatei (7 
coloured) and 107 Figures on Wood. Grown 8to. lU, 

OTHEB W0BLD8 THAN OUBS ; the Flaralitj of Worlds Studied 
under the Light of Becent Scientific Researches. By the same Author 
Second Edition, with 14 Illustrations. Crown 8yo. 10». 6a. 

8ATTTBN and its 8TSTEH. Bj the same Author. 8TO.withl4Flate8,14ff. 

SCHALLEN'S SPEGTBUH ANALTSIS, in its application to Terres- 
trial Substances and the Physical Constitution of the Hearenly Bodies. 
Translated by JAnni and C. Labsell ; edited by W. HuGGnrs, LL.D.P.IL8* 
Crown 8vo. with Illustrations. [A#aWy rao^jr. 

CELESTIAL OBJECTS for COMMON TELESCOPES. Bj the Ber. 
T. W. Webb, M JL F.B.A.S. Second Edition, revised, with a large Map of 
the Moon, and several Woodcuts. lOmo. 7«. Cd, 

VAVIGATION and NAUTICAL ASTBONOMY (Practical, Theoretical, 
Scientific) for the use of Students and Practical Men. By J. Mbxxitixld 
F.BJLS and H. Etess. 8vo. 149. 

DOVE'S LAW of STOBMS, considered in connexion witli the Ordinary 
Movements of the Atmosphere. Translated by IL H. Scott, M JL T.C J> 
8vo. 10«. 6d. 

WCVLLOCWS DICTIONABY, Geographioal, Statistical, and Historical, 
of the various Countries, Places, and Principal Natural Objects in the World. 
New Edition, with the Statistical Information brought up to the latest 
returns by F. Maetik. 4 vols. 8vo. with coloured Maps, £4 4». 

A GENEBAL DICTIONABY of GEOGBAPHY, Descriptive, Physical, 
Statistical, and Historical ; forming a complete Gazetteer of the World. By 
A. EJBITH JomrsTOir, LL J>. F.B.6.S. lUivised Edition. 8vo.81f.M. 

A MANUAL of GEOGBAPHY, PhTsical, Industrial, and PolitioliL 
^ W. Hughes, F.B..O.S. With 6 Maps. Fcp.7«.6d. 

The STATES of the BIVEB PLATE : their Industries and Commerce. 
By WiLEBTD Latham, Buenos Ayres. Second Edition, revised. 8vo. 12«. 

XAUNDEB'B TBEASUBY of GEOGBAPHY, Physical, Historical, 
Descriptive, and Political. Edited by W. Hughes, F.IL6.S. Revised 
Edition, with 7 Maps and 16 Plates. Fcp. 6s, cloth, or 9«. M, bound in calf 



Natural History and Popular Science. 

XLEMENTABY TBEATISE on PHYSICS, Experimental and Applied. 
Translated and edited lh)m Oakot's EUmenU de PhMique (with the Au- 
thor's sanction) by E. ATrnrsow, Ph.D. F.C.8. New Boition, revised 
and enlarged ; with a Coloured Plate and 620 Woodcuts. Post 8vo. IM. 

The ELEMENTS of PHYSICS or NATUBAL PHILOSOPHY. Bt 
Neil AbvotT|M.D. F JUS. Physician Extraor d inary to the Queen. Mxth 
Edition* rewmten and completed. Two Parts. 8vo. 2l«. 
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BOUKD : a Course of Eight Lectures delivered at the Royal Institntion 
of Great Britain. Bf Johf Ttitdall, LL.D. P.B.S. New Bdition, crows 
8vo. with Portrait of Jf. CMadni and 169 Woodcuts, price 98, 

HEAT a MODE of MOTIOK. Bj Professor Johh Ttndall, LL.D. 
FJLS. Fourth Edition. Crown Svo. with Woodcuts, 10«. 9d, 

SESEABCHES on DIAMAGEETISM and MAaEE-CBTSTALLIC 
ACTION jinoluding the Question of Diamagnetic Polarity. By the same 
Author. With 6 Plates and many Woodcut:*. Svo. price 14f . 

PROFESSOR TTNDALUS ESSATS on the tJSE and LIMIT of the 
IMAGINATION in SCIENCE. Being the Second Edition, with Additions, 
of his Discourse on the Scientific Use of the Imagination. Svo. Ss,' 

MOTES of a GOtTRSE of SEVEM LECTURES on ELECTRICAL 
PHENOMENA and THEORIES, delivered: at the Royal Institution, 
A.D. 1870. By Professor TxifDALL. Crown Svo. Is, sewed, or Is, Qd, cloth. 

MOTES of a GOTIRSE of MINE LECTTIRES on LIGHT delivered at the 
Royal Institution, iuD. 1889. By the same Author. Crown 8yo. price Is, 
sewed, or Is. Qd. cloth. 

LIGHT : Its Influence on Life and Health. By Forbes WnroLow, 
M.D. D.C.L. Oxon. (Hon.). Fcp. 8vo. 69. 

A TREATISE on ELECTRICITT, in Theory and Practice. By A. 
Da LA RiYB, Prof, in the Academy of Geneva. Translated by CY. Wajlkbb, 
F.R.S. 8 vols. Svo. with Woodcuts, £3 13s. 

The BEOIMMIMO: its When and its How. By Mdnoo Ponton, 
F.R.S.E. Post 8yo. with very numerous Illustrations, price 18*. 

The FORGES of the tJEIYERSE. By Geosgb Berwick, M.D. 
Post 8vo. 5s, 

The GORRELATIOE of PHYSICAL FORCES. By W. R Groyb, 
Q.C. Y.P.R.S. Fifth Edition, revised, and followed by a Discourse on Gon- 
tmuity. 8vo. lOs. Qd, The Discourse on Continuity ^ separately, 2s, Qd, 

KANTTAL of eEOLOGY. By S. Hauohton, M.D. F.R.S. Revised 
Edition, with 66 Woodcuts. Fcp. 7«. Qd, 

YAK DER HOEYEE'S HANDBOOK of ZOOLOOT. Translated from 
the Second Dutch Edition by the Rev. W. Clask, M J). F.R.S. 2 vols. Svo. 
with 24 Plates of Figures, 60*. 

Professor OWEN'S LECTTIRES on the COMPARATIYE AKATOKT 

and Physiolofi^y of the Invertebrate Animals. Second Edition, with 286 
Woodcuts. Svo. 21«. 

The COMPARATIYE ANATOMY and PHYSIOLOGY of the YERTE- 
brate Animals. By Bichabd Owbn, F.R.S. D.C.L. With 1,472 Wood- 
cuts. 3 vols. Svo. £3 1 Zs. Qd, 

The ORIGIN of CIYILISATION and the PRIMITIYE CONDITION 

of MAN : Mental and Social Condition of Sava«es. By Sir John Lubbock, 
Bart. M.J?. F.ILS. Second Edition, with 25 Woodcuts. Svo. price 16^. 

The PRIMITIYE INHABITANTS of SCANDINAYIA : coDtaining a 
Description of the Implements, Dwellings, Tombs, and Mode of Living of 
the Savages in the North of Europe during the Stone Age. By Stbit 
NiLSSOir. With 16 Plates of Figures and 3 Woodcuts. 8vo.lS«. 
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BIBLE AKIMALS ; being a Description of every Living Creatnfe 
mentioned in the Scriptures, from the Ape to the Coral. By the Bev. J, 0. 
Wood, M.A. F.L.S. with about 100 Vignettes on Wood, Svo. 21«. 

HOMES WITHOUT HANDS : a Description of the Habitations of 
Animals, classed according to their Principle of Construction. By Bev. 
J, G. Wood, M Jl. F.L.S. With about 140 Vignettes on Wood, Svo. 21«. 

A FAMILIAB HISTOBT of BIBDS. Bj E. Staklbt, D.D. F.fi.S. 

late Lord Bishop of Norwich. Seventh Edition, with Woodcuts. Pep. 8#. 6d. 

The HABMONIES of NATTIBE and UNITT of GBEATION. B/ Dr. 
GBosaa Habtwiq. Svo. with numerous Illustrations, 18«. 

The SEA and its LIVING WONDEBS. By the same Author. Third 
(English) Edition. Svo. with many Illustrations, 218, 

The TBOPICAL WOBLD. BjDr. Geo. Hartwio. With 8 Chromo* 
xylographs and 172 Woodcuts. Svo. 21«. 

The POLAB WOBLD ; a Popular Description of Man and Natnie in the 
Arctic and Antarctic Begions of the Globe. By Dr. GE«BaB Habtwio. 
With 8 Chromoxylographs, 8 Maps, and 86 Woodcuts. Svo. 218, 

XntBT and SPENCFS IKTBODUGTION to ENTOMOLOGT, or 

Elements of the Natural History of Insects. 7th Edition. Crown Svo. 6ff, 

lIAtTNDEB'S TBEAStJET of NATtJEAL HISTOBT, or Popnlar 
Dictionary of Zoology. Bevised and corrected by T. S. Cobbold, H.D. 
Ecp. with 900 Woodcuts, 69. cloth, or 09. 6d, bound in calf. 

The TBEASUET of BOTANT, or Popular Dictionary of the Vegetable 
Kingdom ; including a Glossary of Botanical Terms. Edited by J, LiitDlby, 
P.B.S. and T. Moobb, P.L.S. assisted by eminent Contributors. With 274 
Woodcuts and 20 Steel Plates. Two Parts, fcp. 12«. cloth, or 198, calf. 

The ELEMENTS of BOTANY for FAHILIES and SCHOOLS. 

Tenth Edition, revised by Thomas Moobb, E Ji.8. Pep. with IM Wood- 
cuts. 28, M, 

The BOSE AMATETJB'S GlIIDE. By Thomas Bivebs. Ninth 
Edition. Pep. 49. 

The BBITISH FLOBA; comprising the Fhsenogamons or IHowering 
Plants and the Ferns. Bv Sir W. J, Hooebb, K.H. and G. A. Walkbb- 
Abitott, LL.D. 12mo. with 12 Plates. 14f . 

LOUDON'S ENCTCLOPJEDIA of PLANTS ; comprising the Specific 
Character, Description, Culture, Histo|7, ^< of aU the Phints found in 
Great Britain. With upwards of 12,000 Woodcuts. 8vo.42«. 

HAtTNDEB'S SCIENTIFIC and LITEBABT TBEASUET. New 

Edition, thoroughly revised and in great part re-written, with above 1,000 
new Articles, by J. T. Johnsoit, Corr. M.Z.S. Fop. 69. cloth, or 9». Qd, calf. 

A DICTIONABT of SCIENCE, LITEBATTTBE, and ABT. Fonrth 
Edition, re-edited by W. T. Bbandb (the ori^nal Author), and Gbobgb W. 
Cox, M.A. assisted by contributors of eminent Scientific and Literary 
Acquirements. S vols, medium Svo. price 63«. oloth. 
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Chemistry^ Medicine^ Surgery^ and tlie 

Allied Sciences. 

A DICnOKABT of CHSmSTBT «id the Allied Branches of other 
S«fenoM. By Hbvxt Watts, F.B.S. assisted by eminent Contributors. 
Oompltte in B toIs. medinm Sro. £7 8«. 

SLIMSHTS of CHSmSTBT, Theoretical and PracticaL ^ W. Aucbh 
MnxxB, M.D. late Prof, of Chemistiy, King's Coll. London. Fourth 
Edition. S vols. 8vo. £8. Past L CnBincAL Physics, 1&«. Part U. 
IirosciAVio Chemistst, 2l«. Part III. OsGAiric Chemistxt, Ms. 

A XANtTAL of GHEUSTBT, Descriptiye and Theoretical By 
William ODUifO, M.B. PJLS. Past 1. 8vo. 9«. Past ILjutt readp, 

OUTLINES of CHEHISTBT ; or, Brief Notes of Chemical Facts. 
By William OnLnra, MJ3. P.B.S. Crown Svo. Is, 6d, 

A Cenrse of Praetical Chemistry, for the nse of Medical Students. 
By the same Author. New Edition, with 70 Woodcuts. Crown Svo. 7«. Qd, 

Lectures on Animal Chemistxy, delivered at the Royal College of 
Physicians in 1865. By the same Author. Crown 8vo 48. id. 

Lectures on the Chemical Changes of Carbon. Delivered at the 
Bpyal Institution of Great Britain. By the same Author. Crown 8vo. 
price 4«.€<2. 

A TBEATI8E on XEDICAL ELECTBICITT, THEORETICAL and 
PRACTICAL; and its Use in the Treatment of Paralysis, Neuralgia, and 
other Diseases. Br Julius Althaus. M.D. Jbo. Second Edition, revised 
and partly re-written. Post Svo. with Plate and 2 Woodcuts, price 158. 

The DIAGNOSIS, PATHOLOGT, and TBEATHENT of DISEASES 

of Women ; including the Diagnosis of Pregnancy. By Gsailt Hewitt, 
M J). Second Edition, enlarged ; with 116 Woodcut Illustrations. Svo. 24s. 

LECTUBES on the DISEASES of INEAKCT and CHILDHOOD. By 

Charles West, M.D. Ac Fifth Edition, revised and enlarged. Svo. 169. 

A STSTEM of SUBaEBY, Theoretical and Practical. In Treatises 
by Various Authors. Edited by T. Holmes, MA, &c. Surgeon and Lecturer 
on Surgery at St. George's Hospital, and Surgeon-in-Chief to the Metro- 
politan Police. Second Edition, thoroughly revised, with numerous Illus- 
trations. 6 vols. Svo. £5 68. 

The STTBaiGAL TBEATMENT of CHILDBEN'S DISEASES. By 
T. Holmes, M.A. Ac. late Surgeon to the Hospital for Sick Children. 
Second Edition, with 9 Plates and 112 Woodcuts. Svo. 21s. 

LECniBES on the PBINCIPLES and PBACTICE of PHTSIC. By 

Sir Thomas Watsov. Bart. M J). New Edition in October. 

LECTUBES on SXTBaiCAL PATHOLOGY. By James Paget, F.RS. 

Third Edition, revised and rc-edited by the Author and Professor 
W. Tfritbb, M3. Svo. with 131 Woodcuts, 21s. 

COOPEB'S DICTIONABY of PBACTICAL StTBGEBY and Encyclo- 
. psedia of Sui^cal Science. New Edition, brought down to the present time. 
By S. A. Laitb, Surgeon to St. Mary's Hospital, assisted by various Eminent 
Surgeons. Vol. U. Svo. completing the work. Ilnthepre88. 
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On CHBOKIC BBOKGHITIS, especially as connected with OOXJT, 
EMPHYSEMA, and DISEASES of the HEART. By E. Hbadlam 
GsEBKHOW. M.D. E.B.C J*. Ac 8vo. 78, td. 

The CLIMATE of the SOUTH of FBAKGE as SUITED to INVALIDS; 

with Notices of Mediterranean and other Winter Stations. 6t C. T. 
. WiLLLA-HS, M.A. M.D. Oxon. Assiftant-Physidan to the Hospital for Con- 
sumption at Brompton. Second Edition. Crown 8vo. 98, 

BEPOBTS on the PBOaBESS ^ of PBAGTIGAL and SGIENTIFIC 
MEDICINE in Different Parts of the World, from June 1868, to Juno 18«9. 
Edited by Hoba.oe Dobell, M.D. assisted by numerous and distinguished 
Coadjutors. 8vo. 18«. 

7ULK0NABT CONSUMPTION ; its Nature, Treatment, and Duration 
exemplified by an Analysis of One Thousand Cases selected from upwards of 
Twenty Thousand. By C. J. B.'.Williams, M J). F.B.S. and C. T. Williams, 
MA. M J). Oxon. INsarly ready, 

CLINICAL LEGTUBES on DISEASES of the LIVEB, JAUNDICE, 
and ABDOMINAL DBOPST. By Chables Mubchiboit, M.D. Post 8yo. 
with 26 Woodcuts, 10<. Qd, 

ANATOMY, DESCBIFTIYE and SUBOICAL. Bj Henst Gray, 
PJti.S. With about 400 Woodcuts from Dissections. Fifth Edition, by 
T. HoLMBSt M JL Cantab, with a new Introduction by^the Editor. Boyal 
8yo. 2&8, 

CLINICAL NOTES on DISEASES of the LABTNX/iinyestigated and 
treated with the assistance of the Laryngoscope. By W. Mabcbt, MJ). 
F.B.S. Crown 8vo. with 6 Lithographs, 08, 

OUTLINES of PHTSIOLOaT, Human and Comparatiye. Bj John 

Mabshall, F.B.C.S. Surgeon to the University College HospitaL 2 vols, 
crown Svo. with 122 Woodcuts, S28, 

ESSAYS on PHTSIOLOeiCAL SUBJECTS. By Gilbsbt W. Child, 
M.A. Second Edition, revised, with Woodcuts. Crown Svo. 18. Qd, 

PHTSIOLOeiCAL ANATOMT and PHTSIOLOaT of MAN. Bj the 
late B. B. Todd, M J). E.B.S. and W. BowMAir, E.B.S. of King's College. 
With numerous Illustrations. Vol. II. Svo. 26«. 

Vol. I. New Edition by Dr. Lionel S. Bbalb, F.B.S.in course of publi- 
cation; Pabt I. with 8 Plates, la, Qd, 

COPLAND'S DICTIONABT of PRACTICAL MEDICINE, abridged 
from the larger work and throughout brought down to the present State 
of Medical Science. Svo. S68, 

SEIMANN'S kANDBOOK of ANILINE and its DEBIVATIVES; 

a Treatise on the Manufacture of Aniline and Aniline Colours. Edited by 
WiLLiAic Cbookbs, F.B.S. With 6 Weodcuts. Svo. 10«. ed. 

On the MANUFACTUBE of BEET-BOOT SUGAR in ENGLAND 
and IRELAND. By William .Cbookbs, EJLS. Crown Svo. with 11 
Woodcuts, S8, Qd. 

A MANUAL of MATERIA MEDICA and THERAPEUTICS, abridged 
tnm Dr. Pbbbiba's BUmenU by 7. J. Eaxbb, M J), assisted by R. Bbvtlit* 
M.B.C.S. and by B. Wabhtotoit, F.B.S. Svo. with 90 Woodcuts, 21«. 

THOMSON'S CONSPECTUS of the BRITISH PHARMACOPCEIA. 

25th Edition, corrected by E. Llotd Bibxbtt, M J>« ISmo. price 6*. 
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TTie Fine Arts, and Illtcstrated Editions. 

IN FATEtTLAND; Pictures from the Elf-World. By Richard 
DoTLB. WithaPoembyW.ALLiiraHAM. With Sixteen Plates, oontalxiing 
Thirty-six Designs printed iii Colours. Polio, Sl«. 6d. 

LITE of JOHN eiBSON, B.A. SCULPTOB. Edited by Lady 
Eastlxkb. 8vo.l0«.6d. 

The LOBD'S PBAYEB ILLUSTBATED by F. B. Fickbrsoill, R.A. 

and Hbnby Alpobd, D.D. Dean of Canterbury. Imp. 4to. price 21 «. cloth. 
HATEBIAL8 for a HISTOBT of OIL PAINTINe. By Sir Charles 

LocKB Eastlaeb, sometime President of the Boyal Academy. 2 vols. 

8vo. price 80«. . 

EALF-HOTIB LECTTTBES on the HISTOBT and PBACTICE of the 

Pine and Ornamental Arts. By William B. Scott. New Edition, rerised 
by the Author ; with 60 Woodcuts. Grown 8vo. 8», Qd. 

ALBEBT DtTBEB, HIS LITE and W0BK8; inclading Auto- 
biographical Papers and Complete Catalogues. By William B. Scott. 
With Six Etchings by the Author, and other Illustrations. 8vo. 16s. 

SIX LECTTTBES on HABMONY, delivered at the Royal Institution 
of Great Britain in the Tear 1867. By 6. A. Macvabxbit. With nume- 
rous engraved Musical Examples and Specimens. 8yo. 10s. 6d, 

The CHOBALE BOOK for ENGLAND: the Hymns translated by 

Miss C. WiKKWOBTn I the tunes arranged by Prof. W. S. Bbbitett and 
Otto Goldschmidt. Fcp.4to.l2s. 6(2. 

The NEW TESTAMENT, illustrated with Wood Engravings after the 
Early Masters, chiefly of the Italian SchooL Crown 4to.68s. doth, gilt t(^ ; 
or £5 6s. elegantly bound in morocco. 

LTBA GEBMANICA; the Christian Tear. Translated by Catherinb 
WiKKWOBTH ; With 125; Illustrations on Wood drawn by J. I/BIGhtok, 
F.SJL. 4to. 21s. 

LTBA GEBMANIGA ; the Christian Life. Translated by Cathsrine 
Whtkwobth : with about 200 Woodcut Illustrations by J, Leighton, TJ&Jl, 
and other Artists. 4to. 21«. 

The LIFE ef HAN STMBOLISED by the MONTHS of the TEAB. 

Text selected by B. Pigot ; Illustrations on Wood from Original Designs by 
J. Leightoit, F.S.A. 4to. 42s. 

CATS' and FABLIE'S MOBAL EMBLEMS ; with Aphorisms, Adages, 
and Proverbs of all Nations. 121 Illustrations on Wood by J, Leightov, 
P«S.A. Text selected by B. Pigot. Imperial 8vo.Sls. M, 

SHABSPEABE'S MIDSTTMMEB- NIGHT'S DBEAM, iUustrated 

with 24 Silhouettes or Shadow-Pictures by P. Koitewka, engraved on Wood 
by A. YeoEL. Folio. Sis. 6d. 

SAGBED and LEQENDABT ABT. By Mrs. Jameson. 

Legends of the Saints and Martyrs. Fifth Edition, with 19 
Etchings and 187 Woodcuts. 2 vols, square crown 8vo. 81s. 6d. 

Legends of the Monastic Orders. Third Edition, with 11 Etchings 
and 88 Woodcuts. |L vol. square erown 8vo. 21s. 

Legends of the Madonna. Third Edition, with 27 Etchings and 165 
Woodcuts. 1 vol. square crown 8vo. 21s. 

The History of Our Lord, with that of his Types and Precursow. 
Coinpleted by Lady Eastlakb. Bevised Edition, with 81 Etchings and 
281 Woodcuts. 2 vols, square erown 8vo. 42s. 
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The Useful Arts^ Manufactures^ &c. 

HISTOST of the GOTHIC BEYIYAL ; an Attempt to ghew how far 
the taste for MedisBval Architecture was retained in England elaring the 
last two centuries, and has been re*developed in the present. By Ghasles 
L. Eastlaee, Architect. With many Illustrations. [Nearly ready, 

eWIirS ENGTGLOFJSDIA of ABGHITEGTTTBE, with above 1,600 
Engravings on Wood. Fifth Edition, revised and enlarged by Wtatt 
Papwoeth. 8vo, 62«. 6d. 

A MANUAL of ABGHITEGTTTBE: being a Concise History and 
Explanation of the principal Styles of European Architecture. Ancient, 
Mediteval, and Renaissance; with their chief variations, and a Glossary of 
Technical Terms. By Thomas Mitchell. Crown 8vo. with 150 Wood- 
cuts, 10«. 6c{. 

ITALIAN SGTTLPTOBS ; being a History of Sculpture in Noi^hem, 
Southern, and Eastern Italy. By G. 0. PBSKnrs. With 30 Etchings and 
13 Wood Engravings. Imperial 8vo. 4&a, 

TUSGAN 8GTTLFT0BS, their Lives, Works, and Times. With 45 
Etchings and 28 Woodcuts from Original Drawings and Photographs. By 
the same Author. 2 vols, imperial 8vo. 63«. 

HINTS on HOUSEHOLD TASTE in FTTBNITTTBE, tJFHOLSTEBT, 

and other Details. By Ghables L. Eastlake, Architect. Second Edition, 
with about 90 Illustrations. Square crown 8vo. \%8, 

The ENOINEEB'S HANDBOOK; explaining the Principles which 
should guide the Young Engineer in the Gonstruction of Madiinery. By 
G. S. Lowndes. Post 8vo. 6«. 

PBINGIPLES of MEGHANISM, designed for the Use of Students in 
the Universities, and for En^eering Students generally. By R. 
Willis, M.A. P.B.S. &c. Jacksonian Professor in the University of Cam- 
bridge. Second Edition, enlai^ed ; with 374 Woodcuts. 8vo. 18«. 

LATHES and TUBNIN0, Simple, Mechanical, and OBNAMENTAL. 
By W. Heitbt Nobthcott. With about 240 Illustrations on Steel and 
Wood. 8vo. 18f. 

UBE'S DIGTIONABT of ABTS, MANUFAGTUBES, and MINES. 

Sixth Edition, chiefly rewritten and greatly enlarged by Bobbbt Httbt, 
FJI.S. assisted by numerous Gontributors eminent in Science and the 
Arts, and familiar with Manufactures. With above 2,000 Woodcuts. 8 yols. 
medium 8vo. price £4 14«. 6e2. 

HANDBOOK of PB^GTIGAL TELEOBAFHT, published with the 
sanction of the Ghairman and Directors of the Electric and International 
Telegraph Company, and adopted by the Department of Telegraphs for 
India. By B. S. Gullet. Fourth Edition, nearly ready. 

ENGTGLOPJEDIA of GIVIL ENOINEEBINO, Historical, Theoretical, 
andPracticaL By E. Gbest, G.E. With above 8,000 Woodcuts. 8to.42«. 

TBEATISE on MILLS and MILLWOBK. By Sir W. Faibbaijut, 
P.B.S. New Edition, with 18 Plates and 822 Woodcuts. 2 vols. 8vo. 82«. 

USEFUL INFOBMATION for ENOINEEBS. By the same Author. 
FiBST, Secoitd, and Thibd Sebibb, with many Plates and Woodcuts. 
8 Tols. crown 8vo. 10«. Qd, each. 
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The APPLICATION of CAST and WBOUeHT IBOK to Building 
Purposes. By Sir W. FAlBBAiBir, F.B.S. Fourth Edition, enlarged; with 
6 Plates and 118 Woodcuts. Svo. price 169. 

IBOK SHIP BTTILDIKO, its History and Progress, as comprised in a 
Series of Experimental Researches. By the same Author. With 4 Plates and 
ISO Woodcuts. 8V0. 18*. 

A TBEATISE on the STEAM EKOnTE, in its yarions Applications 
to Mines, Mills. Steam Navigation, Railways and Agriculture. By J. Bousnb, 
O.E. Eighth Edition : with Portrait, 87 Plates, and 646 Woodcuts. 4to. 42«. 

CATECHISM of the STEAM ENGIKE, in its Tarions Applications to 
Mines, Mills, Steam Navigation, Railways, and Agriculture. By the same 
Author. With 89 Woodcuts. Fcp. 6«. 

HANDBOOK of the STEAM ENGINE. By the same Author, forming a 
Key to the Catechism of the Steam Engine, with 67 Woodcuts. Fcp. ds. 

BOTTBNFS RECENT IMPROVEMENTS in the STEAM ENGINE in its 

various applications to Mines, Mills, Steam Navigation, Railways, and Agri- 
culture. IBtnng a Supplement to the Author's 'Catechism of the Steam 
Engine.' By Joinr BouRirB, C.E. New Edition, including many New 
Examples ; with 124 Woodcuts. Fcp. 8vo. 68. 

A TREATISE on the SCREW PROPELLER, SCREW VESSELS, and 

Screw Engines, as adapted for purposes of Peace and War ; with Notices 
of other Methods of Propulsion, Tables of the Dimensions and Performaiii'e 
of Screw Steamers, and detailed Specifications of Ships and Engines. By 
J. BousxB, C.E. New Edition, with 64 Plates and 287 Woodcuts. 4to. 63«. 

EXAMPLES of MODERN STEAM, AIR, and GAS ENGINES of 

the most Approved Types, as employed for Pumping, for Driving Machinery, 
for Locomotion, and for Agriculture, minutely and practically described. 
By<ronir Boitrne, C.B. In course of publication in 24 Parts, price 2«.6cl. 
each, forming One volume 4to. with about 60 Plates and 400 Woodcuts. 

A HISTORY of the MACHINE-WROTTGHT HOSIERY and LACE 

Manufiictures. By William Felkin, F.L.S. F.S.S. Royal 8vo. 21«. 
PRACTICAL TREATISE on METALLXTRGY, adapted from the last 
German Edition of Professor Keel's Metallurgy by W.Ceookes, F.R.S.&C. 
and K. ROnsio, Ph.D. M.E. With 626 Woodcuts. 3 vols. 8vo. price £4 199. 

MITCHELL'S MANUAL of PRACTICAL ASSAYING. Third Edi- 
tion, for the most part ro-written, with all the recent Discoveries incor- 
porated, by W. Ceookes, F.R.S. With 188 Woodcuts. Svo, 28«. 

The ART of PERFUMERY ; the History and Theory of Odours, and 
the Methods of Extracting the Aromas of Plants. By Dr. Piessb, F.OJS. 
Third Edition, with 63 Woodcuts. Crown 8vo. 10«. 6d. 

Chemical, JYatnral, and Physical Magic, for Juveniles during the 
Holidays. By the same Author. Third Edition, with 88 Woodcuts. Fcp. 6s. 

LOUDON'S ENCYCLOPiEDIA of AGRICULTURE: comprising the 
Lnying-out, Improvement, and Management of Landed Property, and the 
Cultivation and Economy of the Productions of i^sriculturo. With 1,100 
Woodcuts. 8vo. 21«. 

London's Snoyclopsedia of Gardening : comprising the Theory and 
Practice of HortictUture, Floriculture, Arboriculture, and Landscape Gar* 
dcning. With 1,000 Woodcuts. Svo. £1«. 

BAYLDON'S ART of VALUING RENTS and TILLAGES, and Claims 

of Tenants upon Quitting Farms, both at Michaelmas and Lsdy-Daj. 
Eighth Edition, revised hyj, C. Mosioir. 8vo. lOs. 6d, 
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Religious and Moral Works. 

CONSIBEBATIONS on the BEVISION of the ENGLISH NEW 
TESTAMENT. By 0. J. Ellicoit, D.D. Lord Bishop of Gloucester and 
Bristol. Post 8vo. price bs. 6d. 

AxL EXPOSITION of the 39 ABTIGLES, Historical and Doctrinal. 
By E. Habold Bbowite, D.D. Lord Bishop of Ely. Seventh Edit. 8vo. 16f . 

The LITE and EPISTLES of ST. PAUL. By the Rev. W. J. 
CoirrBE ABE, M Jl., and the Very Bey. J. S. Howbon, D.D. Dean of Chester :— 

LiBBABY Editioit, with all the Original Illustrations, Maps* Landscapes 
on Steel, Woodcuts, &c. 2 vols. 4to. 4&8, 

IiTTEBMEDiATB Editioit, with a Selection of Maps, Plates, and Woodcuts. 
2 vols, square crown 8vo. 3U. M, 

Student's Edition, revised and condensed, with 4A Illustrations and 
Maps. 1 vol. crown 8vo. price 9f . 

The YOTAOE and SHIPWBEGK of ST. PAtTL; with Bissertationg 

on the Life and Writings of St. Luke and the Shins and Navigation of the 
Ancients. By James Smith, P.B.S. Third Edition. Crown 8vo. Ito. M, 

A CEITICAL and QBAliMATIGAL GOMMENTABT on ST. PAtTPS 
Epistles. By C. J, Ellicott, D J). Lord Bishop of Gloucester & Bristol. 8vo* 

GalatianSy Fourth Edition, 8«. 6(f. 

SphesianSy Fourth Edition, 8«. 6(f. 

Pastoral Epistles, Fourth Edition, 10«. 6<2. 

Philippians, Colossians, and Philemon, Third Edition, 10«. 6<2. 

Thessalonians, Third Edition, 7«..6(/. 

HISTOBICAL LEGTTJEES on the LIFE of OTTB LOBD JESUS 
CHRIST: being the Hulsean Lectures for 1859. By 0. J. Ellicott, D.D. 
Lord Bishop of Gloucester and Bristol. Pifth Edition. 8vo. price 128.. 

EYIDENGE of the TRUTH of the GHBISTIAK BELieiOK derived 
from the Literal Pulfilment of Prophecy. By Alexastdeb Kbith. D.D 
37th Edition, with numerous Plates, in square 8vo.^ 12«. 6d. ; also the 89th 
Edition, in post 8vo. with 6 Plates, 6«. 

History and Destiny of the World and Ghnrch, according to 
Scripture. By the same Author. Square 8vo. with 40 Illustrations, 10«. 

An INTBODUCTIOK to the STUBT of the NEW TESTAMENT, 

* Critical, flxegetical, and Theological. By the Bev. S. Payidsoit, DJ), 
LL.D. 2 vols. Svo. ZQs, 

HABTWELL HOSHE'S INTBODUCTION to the CBITICAL STUDT 

and Knowledge of the Holy Scriptures, as last revised ; with 4 Maps and 
22 Woodcuts and Paosimiles. 4 vols. Svo. 42«. 

Home's Gompendious Introduction to the Stndy of the Bihle. Be- 
edited by the Bev. John Aybb, MA. With Maps, &c. Post Svo. 6«. 

HISTOBT of the KABAITE JEWS. By Witxum Harris Rtjle, 
P J). Post Svo. price 7f . 6d. 
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XWALD'8 HISTOST of ISRAEL to the DEATH of HOSES. Trans- 
Itttod from the German. Edited, with a PreftM» and an Appendix, by BussBUi 
JLLETiraAV, ILA. Second Edition. 2 vols. 8vo. 24«. 

Tke HISTOST and LITEEATirBE of the ISRAELITES, according 
to the Old Testament and the Apocrypha. By O. Db Rothschild and 
A. Db Rothbohild. Second Edition, revised. 2 vols, post 8vo. with Two 
Haps, price 12«.6<i. 

The SEE of ROUE in the XIDDLE AGES. Bj the Bev. Oswald 
J. Rbichbl, B.0 Ji. and M.A. 8vo. price 18f. 

The EVIDEECE for the PAP ACT, as derived from the H0I7 Scrip- 
tures and from Primitive Antiquity. By the Hon. Colib Libdsat. 8vo. 
price 12ff.6d. 

The TREASTTRT of BIBLE KHOWLEDQE ; being a Dictionary of the 
Books, Persons. Places. Events, and other matters of which mention is made 
in Holy Scripture. By Rev. J, Atbb, MJL With Maps. 16 Plates, and 
numerous Woodcuts. Pep. 8va price 6«. doth, or te. 6d. neatly bound in calf. 

The GREEK TESTAMENT; with Notes, Grammatical and Exegetioal. 
By the Rev. W. Wbbstbb, MJL and the Rev. W. P. Wilkibbob, MJL. 
2 vols. 8va £2 4f . 

EVERT DAT SCRIPTTTRE DIFFICULTIES explained and illastrated. 

By J. E.Pbbscott, MA. yoL.L MaUhew and Mttrhi Vol. IL LtUte and 
John, 2 vols. 8vo. 99. each. 

The PEKTATETJCH and BOOK of JOSHUA CRITICALLT EXAIOHED. 
By the Right Rev. J, W. CoLBirso. D.D. Lord Bishop of NataL People's 
Edition, in 1 voL crown 8vo. 6«. or in 6 Parts, Iff. each. 

SIX SERMOES on the POUR CARDIEAL VIRTUES (Fortitude, 
Justice, Prudence, Temperance) in relation to tho Public and Private Life of 
Catholics ; with Preface and Appendices. By the Rev. Obby Shipley, MA. . 
Grown 8vo. with Frontispiece, price Is. Qd, 

The FORMATION of CHRISTEEDOM. Bj T. W. Allibs. Pabts L 
and IL 8vo. price 12«.eaoh Part. 

EEOLAED and CHRISTEEDOM. Bj Archbishop Manmiko, D.D. 
Post 8vo. price lOs. Qd, 

CHRISTEEDOM'S DIVISIOES, Pabt L, a Philosophical Sket^ of 
the Divisions of the Christian Family in East and West. By Edmubd S. 
FvoULKBS. Post 8vo. price 7<. 6d. 

Christendom's Divisions, Paht II. Greeks and Latins, being a His- 
tory of their Dissensions and Overtures for Peace down to the Reformation. 
By the same Author. Post 8vo. 15«. 

The HIDDEH WISDOM of CHRIST and the SET of KNOWLEDGE ; 

or. History of the Apocrypha. By Ernest De Buxsek. 2 vols. Svo. 28>. 

The KETS of ST. PETER ; or, the House of Rcchab, connected with 
the History of Symbolism and Idolatry. By the same Author. 8vo. 14f . 

The TTPES of OEEESIS, briefly considered as Reyealing the 
Development of Human Nature. By Abdbew .Jukes. Second Edition. 
Crown Svo. 7<. fid. 

The Second Death and the Restitution of All Things, with some 
Preliminuy Remarks on the Nature and Inspiration of Holy Scripture. 
By the same Author. Second Edition. Crown Svo. Zs, 9d, 
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A VIEW of the SCBIFTTJBE BEVELATIOKS COKCEBHIKe a 
PUTUEB STATE. By Richaed Whatelt, DJ). late Archbishop of 
Dublin. Ninth Edition. Fcp.8vo.5«. 

The FOWEB of the 80TJL over the BODT. B7 Gbobqb Moobe 
M J). M JLG J^Ji. &c. Sixth Edition. Crown 8vo. 8«. 6(2. 

THOTJOHTS for the AGE. B7 Elizabeth M. Sbwbll, Author oi 
' Amy Herbert ' &o; Second Edition, rerised. Pep. Svo. price 5«. 

Paising Thoughts on Beligion. By the same Author. Fop. Svo. 5«. 

Self-Examination before Confirmation. Bj the same Anther. 32mQ. 

price l8, 6d, 
Beadings for a Month Preparatory to Confirmation, from Writers 

oftheBarlyand English Church. By the same Author. Pcp.4f. 
Beadings for Every Day in Lent, compiled from the Writings of 

Bishop Jebemt Tatlob. By the same Author. Fcp.5«. 
Preparation for the Holy Communion; the DevotioDs chieflj from 

the works of Jebemt Taylob. By the same Author. 82mo. 3«. 

TH0TTGHT8 for the HOLT WEEK for Toung Persons. Bj the Author 

of * Amy Herbert.' New Edition. Pep. Svo. 2«. 
PBIKCIFLE8 of EDTTCATIOK Drawn from Nature and Bevelation, 

and applied to Pemale Education in the Upper Classes. By the Author 

of * Amy Herbert.* 2 vols. fcp. 12«. 6d, 

The WIFE'S MANUAL; or, Prayers, Thoughts, and Songs on Several 
Occasions 'of a Matron's Life. By the Bev. W. Calvebt, MJL. Crown Svo. 
price 10«. 6<i. 

8IN0EBS and SONGS of the CHUBCH : being Biographical Sketches 
of the Hymn-Writers in all the principal Collections; with Notes on their 
Psakns and Hymns. By Josiah Milleb, MJL. Second Edition, enlarged. 
Post Svo. price lOs. Qd. 

LTBA 0EBMANICA, translated from the German by Miss C. Wikx- 
woBTH. FiBST Sebies, Hymns for the Sundays and Chief Pestivala. 
Sbcoitd Sebies, the Christian Life. Pep. Ss, 6d, each Sebies. 

< SFIBITUAL SONOS * for the SUNDAYS and HOLIDAYS through- 
out the Tear. By J. S. B. Moitsell, LLJ). Vicar of Egham and Bund D^. 
Fourth Edition, Sixth Thousand. Pep. 4f . M. 

The BEATITUDES : Abasement before God ; Sorrow for Sin ; Meekness 
of Spirit; Desire for Holiness ; Gentleness ; Purity of Heart; the Peace- 
makers I Sufferings for Christ. By the same. Third Edition. Pep. S», M, 

His PBESENGE— not his MEMOBT, 1855. By the same Author, 
in Memory of his Soir. Sixth Edition. 16mo. Is, 

LTBA EUGHABISTIGA ; Hymns and Verses on the Holy Communion, 
Ancient and Modern: with other Poems. Edited by the Bev. Obby Ship- 
ley, MA. Second Edition. Pep. 68, t 

Lyra Messianioa ; Hymns and Verses on the Life of Christ, Ancient 
and Modern ; with other Poems. By the same Editor. Second Edition, 
altered and enlai^ed. Pep. 68, 

Lyra Mystioa ; Hymns and Verses on Sacred Subjects, Ancient and 

Modern. By the same Editor. Fcp. 68, 
The LIFE of MABGABET MABT HALLAHAN, better known in 

the religious world by the name of Mother Maivaret. fiy her Beligioub 

CsiLDBEiT. Second Edition. Syo. ^th Portnuft, 1Q«. 
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SVBEAT01IS8 after the CHBISTIAN LIFE: Discouneg. By 
Jambs Mabtikbau. Fourth Edition, carefully revised. Post 8to. 7«. 6<l. 

IWOCATIOK of SAINTS and ANOELS, for the nse of Members of 
the English Ohurch. Edited by the Bev. Obby Shipley. 24mo. Ss. M, 

WHATELTSj INTBODtTGTOBT LESSONS on the CHBISTIAN 

Evidences. 18mo. Qd. 

701IB DISGOTTBSES of.CHBTSOSTOM, chiefly on the Parable of the 
Bloh Man and Lazarus. * Translated by P. Allex, B.A. Crown 8vo. Zs, Qd, > 

BISHOP JEBEMT TAYLOB'S ENTIBS WOBKS. With Life bj 
Bishop Hbbeb. Berised and corrected by the Bev, 0. P. Edbb, 10 vols, 
prioe £5 6s, 



Travelsj Voyages, &c. 



The PLATOBOTJND of ETTBOPE, By Leslie Stephen, late President 

of the Alpine Club. With 4 Illustrations engraved onWoodby E. Whymper. 
Crown 8vo. price Ito. 6d. 

CADOBE ; or, TITIAN'S GOVNTBY. By Josiah Gilbbbt, one of 
the Authors of 'The Dolomite Mountains.' With Map, Pacsimile, and 40 
Illustrations. Imperial Svo. 31«. 6d. 

NABBATIYE of the ETTPHBATES EXPEDITION carried on by 

Order of the British Government during the years 1835-1837. By General 
P. B. Chbsbbt, P.B.S. With Maps, Plates, and Woodcuts. Svo. 248. 

TBAYELS in the CENTBAL CAtTCASTTS and BASHAN. Including 
Visits to Ararat and Tabreei and Ascents of Kazbek and Elbruz. By 
D. W. Fbbshpibld. Square crown 8vo. with Maps, &c. ISs. 

PIGTTTBES in TYBOL and Elsewhere. From a Family Sketch-Book. 
By the Authoress of ' A Voyage en Zigzag,' &c. Second EcUtion. Small 4to. 
with numerous Illustrations, 21«. 

HOW WE SPENT the STJMMEB; or, a Voyage en Zigzag in Switzer- 
land and Tyrol with some Members of the Alpine Club. From the Sketch- 
Book of one of the Party. In oblong 4to. with 300 Illustrations, ISt. 

BEATEN TBACKS; or, Pen and Pencil Sketches in Italy. By the 
Authoress of ' A Voya^ en Zigzag.' With 42 Plates, containing about 200 
Sketches from Drawings made on the Spot. Svo. 168, 

HAP of the CHAIN of MONT BLANG, from an actual Survey in 
1868—1864. By A. Adams-Bbilly, P.B.G.S. M.A.C. Published under the 
Authority of the Alpine Club, in Chromolithography on extra stout 
drawing-paper 28in. x 17in. price 10«. or mounted on canvas in a folding 
case, 12«. 6d. 

WESTWABD by BAIL; the New Boute to the East By W. F. Rae. 
With Map shewing the Lines of Bail between the Atlantic and the Pacific, 
and Sections of the Bailway. Post Svo. price lO^. Qd, 

HISTOBT of DISGOVEBY in onr AUSTBALASIAN G0L0NIE8, 

Australia. Tasmania, and New Zealand, from the Earliest Date to the 
Present Day. By William Howitt. 2 vols. 8vo. with S Maps, 20«. 

The GAPITAL of the TTGOON; a Narrative of a Three Tears' Besi- 
dsnoe in Japan. By Sir Buthssvosd Axoocx. S.C JB. 2 vols. Svo. with 
niuoerous Illustrations 43«. 
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ZIGZAGeiKa AMONGST DOLOMITES. By the Author of ' How we 
Spent the Summer, or a Voyage en Zigzag in Switzerland and Tyrol.' 
With upwards of 300 Illustratious by the Auihor. Oblong 4to. price 16«. 

The DOLOMITE MOUNTAINS ; Excursions through Tyrol, Carinthia, 
Gamiola, and Friuli, 1861-1863. By J. Gilbbbt and G. G. Chttbohill, 
P.R.G.S. With numerous Illustrations. Square crown Svo. 2 1«. 

GUIDE to the FTBENEES, for the use of Mountaineers. By 
Ghablbs Paceb. 2nd Edition, with Map and Illustrations. Gr. 8yo. 7«. 6d. 

The ALPINE GUIDE. By John Ball, M.B.I.A. late President of 
the Alpine Club. Thoroughly Revised Editions, in Three Volumes, post 
8vo. with Maps and other Illustrations:— 

GUIDE to the WESTEBN ALPS, including Mont Blanc, Monte Bosa, 
Zermatt, Ac. Price 68. 6d, 

GUIDE to the CENTBAL ALPS, including all the Oberland District 
Price 7«. 6(2. 

GUIDE to the EASTEBN ALPS, price lOs, 6d, 

Introduction on Alpine Travelling in General, and on the Geology 
of the Alps, price Is, Each of the Three Volumes or Parts of the Alpine 
Guide may be had with this Izttboductioit prefixed, price 1«. extra. 

The HIGH ALPS WITHOUT GUIDES. By the Rev. A. G. Girdlb- 

BTONB, M.A. late Demy in Natural Science, IMlagdalen College, Oxford, 
With Frontispiece and 2 Maps. Square crown 8vo. price 79. 6(2. 

NABBATIYE of a SPBING TOUB in POBTUGAL. By A. C. Smith, 
M.A. Ch. Ch. Oxon. Beotor of Yatesbury. Post 8vo. price 6^. 6d. 

ENGLAND to DELHI; a Narrative of Indian TrayeL By John 
MATiibsov, Glasgow. With Map and 82 Woodcut Illustrations. 4to. Slf . 6d. 

MEMOBIALS of LONDON and LONDON LIFE in the 13th, 14th, 
and 15th Centuries ; being a Series of Extracts, Local, Social, and PolitiaU, 
from the Archives of the City of London, a.d. 1276-1419. Selected, 
translated, and edited by H. T. Bilbt, MX Boyal Svo. 21«. 

COMMENTABIES on the HISTOBT, CONSTITUTION, and CHAB- 
T E BED PBANCHISES of the CITY of LONDON. By Gbobgb Nobtoh, 
formerly one of the Common Pleaders of the City of London. Third Edition. 
Svo. 14«. 

The NOBTHEBN HEIGHTS of LONDON ; or, Historical Associations 
of Hampstead, High^te, Muswell Hill, Homsey, and Islington. By 
William Howitt. with about 40 Woodcuts. Square crown Svo. 21«. . 

VISITS to BEMABEABLE PLAGES : Old Halls, Battle-Fields, and 
Stones Illustrative of Striking Passages in English History and Poetry. 
By William Howitt. 2 vols, square crown Svo. with Woodcuts, SSt. 

The BUBAL LIFE of ENGLAND. By the same Author. With 
Woodcuts by Bewick and Williams. Medium Svo. 12«. 6<l. 

BOHA SOTTEBBANEA ; or, an Account of the Roman Catacombs, 
especially of the Cemetery of San Callisto. Compiled ftrom the Works of 
Commeudatore G. B. De Rossi by the Bev. J. S. Nobthcotb, D.D. and the 
Bev. W. B. Bbowitlgw. With numerous Illustrations. Svo. 81«. 6d. 

PILGBIMAGES in the PTBENEE8 and LANDES. By Dents Shtmi; 
Lawlob. Crown Svo. with Prontispiem and Vignette, price 16«. 
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Works of Fiction. 

LOTHAIS. Bj the Bight Hon. B. Disbabli, M.P. Cabinet Edition 
(the Eudith), complete in One Volume, with a Portrait of the Author, uirl 
a New G enend Preface. Grown 8vo. price d^.— By the Same Author, Cabinet 
Editions, revised, uniform with the above :— 



CoNnrcMBY, 08. 
Sybil, 68, 
Tancbbd, 08, 
Venbtia, 6*. 
Henbietta Tbmple, 69. 

CONTABINI PlEMINO AND BiSB 
OV ISKANDEB, 08, 



AlBOY; IxIOV; THE InFEBNAL 

Mabbiaob; abd Pofabilla 
Price 08. 

YOUBO DCTEB ABD COUBT ALAB- 

COB,6«. 
VlVIAB GBBY, 08, 



The MODEBK NOVELIST'S LIBBABT. Each Work, in crown Svo. 

complete in a Single Volume : — 
Melyille's Gladiatobs. 28. boards; 28, Od. cloth. 

Good bob Nothibo, 2s. l)oard8 ; 2*. od, cloth. 

HoLHBY House. 28, boards ; 28. Od, cloth. 

Ibtbbpbeteb, 2s. boards ; 2*. Od, cloth. 

■ QuEEB's Mabibs, 28. boards : 2«. Od. cloth. 

Tbollofe'b wabdeb, l8. Od. boards ; 2s. cloth. 

Babchesteb Towebs, 28, boards ; is, Od. cloth. 

Bbamley-Moobe's Six Sistbbs oftJie Valleys, 2s. boards ; 28, Od. cloth. 

lEBKE; a Tale. By W. Steuabt Trench, Author of * Realities of 
Irish Life.' Second Edition. 2 vols, post 8vo. price 2l8, 

THBEE WEDDINGS. By the Author of * Dorothy,* * De Cressy,' &c. 
Fcp. 8vo. price 68, 

8T0BIE8 and TALES by Elizabeth M. Sewell, Author of * Amy 
Herbert 'Cabinet Edition, each work complete in a single Volume:— 



Amy ksBBEBT, 28.0d, 
Gbbtbudb, 28. Od, 
Eabl's Dauohtbb, U. Od, 

EXFBBIBBCB qf LlBE, 28, Od, 

Cleyb Hall. 38. Od, 



IVOBS, 39. Od, 
Kathabibb Ashtob, S8, Od, 
Maboabet Pebciyal, 68, 
Labetob Pabsobagb, 4f.6<i. 

UBSULA,49.6c{. 



STOBIES and TALES. By E. M. Sewell. Comprising:— Amy 
Herbert i Gertrude ; The Earl's Daughter ; The Experience of Life ; Cleve 
Hall; Ivors; Katharine Ashton; Margaret Percival; Laneton Parsonage; 
and Ursula. The Ten Works, complete in Eight Volumes, crown 8vo. bound 
in leather, and contained in a Box, price 428. 

A Glimpse of the World. By the Author of < Amy Herbert* Fcp. 7«. 6d. 
The Journal of a Home Life. By the same Author. Post 8yo. 9s. 6d. 
After Life ; a Sequel to ' The Journal of a Home Life.' Price 10«. Bd, 

FKGLE PETEB'S FAIBT TALE for the KIKETEENTH CENTXTBT. 
Edited by E. M. Sewell, Author of Amy Herbert,' &c. Pep. Svo. 7«. Od, 

THE GIANT ; A Witch's Story for English Boys. By the same 

Author and Editor. Fcp. Svo. price 68, 
WONDEBFTTL STOBIES from NOBWAT, SWEDEH, and ICELAND. 

Adapted and arranged by Julia Goddabd. With an Introductory Essay 

by the Bev. G. W. Oox, M.A. and Six Woodcut Illustrations from Designs 

by \V. J. Woigand. Square post Svo. Os. 

A VISIT to MT DISCONTENTED COUSIN. Reprinted, with some 
Additions, from Fraser'i Magcusins, Crown 8yo. price Is, Od, 
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BEGKEB'S OALLTJS ; or, Roman Scenes of the Time of Angnstas: 
with Notes and Excursuses. New Edition. Post 8to. 7s, dd, 

BECKEB'S CHABIGLES; a Tale illustratiye of Private Life among the 

Ancient Greeks : with Notes and Excursuses. New Edition. Post Svo. 7<. 6d, 

NOVELS and TALES bj G. J. Whttb Meltillb : — 



The Gladiatobs, 5s. 
DiGBY Grand, 5s. 
Kate Coventky, 58. 
General Bounce, 5«. 



HoLMBY House, Ss. 
Good for Nothino, 6*. 
The Queen's Mabtbs, 98, 

The iNTEBPBETEB, 58, 



TALES of ANCIENT 6BEECE. By Georob W. Cox, M.A. late 

Scholar of Trin. Coll. Oxon. Being a Collective Edition of the Author's 
Classical Stories and Tales, complete in One Volume. Crown Svo. 6s. ed. 

A UANTJAL of MYTH0L06T, in the form of Question and Answer. 
By the same Author. Fcp. Ss. 

OTJB CHILBBEN'S STOBT, by one of their Gossips. Br theAnthor 
of • Voyage en Zigzag,* * Pictures in Tyrol/ Ac Small 4to. with Sixty Illus- 
trations by the Author, price 105. Qd. 



Poetry and The Drama. 

THOMAS MOOBE'S POETICAL WOBES^ the only Editions contain- 
ing the Author's last Copyright Additions : — 

Cabinet Edition, 10 vols. fcp. Svo. price 36«. 
Shamrock Edition, crown Svo. price 'Ss. M. 
Ruby Edition, crown Svo. with rortrait, price fs. 
Library Edition, medium Svo. Portrait and Vij;notte, 14*. 
People's Edition, square crown Svo. with Porirait, Ac. 10*. M, 

MOOBE'S IBISH MELODIES, Maclise's Edition, with 161 Steel Plates 
from Original Drawings. Super-royal Svo. Sis. Qd. 

Miniature Edition of Moore's Irish Melodies with Maclise's De- 
signs (as above) reduced in Lithography. Imp. l6mo. 10*. Sd, 

MOOBE'S LALLA BOOKH. Tenniel's Edition, with 68 Wood 
Engravings from original Drawings and other Dlustrations. Fop. 4to. 2K. 

SOUTHED S POETICAL WOBKS, with the Author's last Corrections 
and copyright Additions. Library Edition, in 1 voL medium Svo. with 
Portrait and Vignette, 14». 

LATS of ANCIENT BOME ; with Iv/y and the Armada. By the 
Bight Hon. Lord Macaulay. 16mo. 49. Qd, 

Lord Macaulay' s Lays of Ancient Borne. With 90 Illustrations on 
Wood, from the Antique, from Drawings by G. Schabp. Pep. 4to. 21«. 

Miniature Edition of Lord Macaulay's Lays of Ancient Borne, 
with the Illustrations (as above) reduced in Lithography. Imp. 16mo.l0«.6d. 

GOLDSMITH'S POETICAL WOBES, with Wood Engrayings fit>m 
Designs by Members of the Etchino Club. Imperial 16mo. 78. M, 

POEMS OF BTOONE TEABS. Edited by the Author of 'Amy 
Herbert,* &c. Pep. Svo. price 6*. 

POEMS. By Jean Ingelow. Fifteenth Edition. Fcp. Syo. 5«. 

POEMS by Jean Ingelow. With nearly 100 Illustrations by Eminent 
Artists, engraved on Wood by the Brothers Daleiel. Pep. 4to. 2l«. 

D 
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MOFSA the 7AIBT. B7 Jean Inoelow. Pp. 256, with Eight 
Illustrations engnraved on Wood. Fcp. 8vo. 69. 

A STOST of DOOM, and other Poems. Bj Jean Inqelow. Third 

Edition. Fcp. 6«. 

The STORY of SIR RICHARD WHITTINGTON, Thrice Lord Mayor 

of London, a.d. 1S97, 1406-7, and 1419. Written in Verse and Illustrated by 

E. Cabb. With Ornamental Borders &c on Wood, and 11 Copper-Plates 

Koyal 4to. 21«. 

WORKS by EDWARD TARDLET:— 

Fantastic Stories. Fcp. S^.W. 

Meltjsine and otheb Foems. Fcp. 5«. 

Hoeace's Odes, translated into English Verse. Crown Svo. 68, 

Sufflembntaby Stohies and Poems. Fcp. 3«.6<2. 

OLAFHTRA, and OTHER POEMS Bj Francis Reynolds, Author 
of * Alice Rushton, and other Poems.' 16mo. price 5a, 

BOWDLER'S FAMILT SHAKSPEARE, cheaper Gennine Editions: 
Medium Svo. large type, with 86 Woodcuts, price 14f. Cabinet Edition, 
with the same Illustrations, 6 vols. fcp. 3«. Qd, each. 

HORATII OPERA, Pocket Edition, with carefully corrected Text, 
Marginal References, and Introduction. Edited by the Rev. J. £. 
YoNGB, MjL SquarelSmo. 49. 6<^. 

HORATII OPERA. Library Edition, with Marginal References and 
English Notes. Edited by the Rev. J. E. Yonge. Svo. 21«. 

The £NEID of VIRGIL Translated into English Verse. By John 
Coninoton, M.A. New Edition. Crown Svo. 98, 

ARTJNDINES CAMI, sive Mosarum Cantabrigiensinm Lnsns canori. 
Collegit atque edidit H. Drury, M.A. Editio Soxta, curavit H. J. HoDOSON, 
M.A. Crown Svo. 78, 6d, 

HUNTING SONGS and MISCELLANEOUS VERSES. By H. E. 

Ec^BRTON Warburton. Socond Edition. Fcp. Svo. 68, 
The SILVER STORE collected from Medieval Christian and Jewish 
Mines. By the Rev. Sabine BARiNO-GtouLD, MA. Crown Svo. S8, Qd, 



Rural Sports^ &c. 



SKCTCLOP^lDIA of RURAL SPORTS ; a complete Account, Histo- 
rical, Practical, and Descriptive, of Hunting, Shooting, Fishing, Racing, 
and all other Rural and Athletic Sports and Pastimes. By D. P. Blainb. 
With above 6<)0 Woodcuts (20 from Designs by JoBnr Lbbch). Svo. 21». 

The DEAD SHOT, or Sportsman's Complete Guide ; a Treatise on 
the Use of the Gun, Dog-breaking, Pigeon.shooting, &c. By Marksman. 
Revised Edition. Fcp. Svo. with Plates, 6s, 

The FLT-FISHER'S ENTOMOLOGY. By Alfred Ronalds. With 
coloured Representations of the Natural and Artificial Insect. Sixth 
Edition ; with 20 coloured Plates. 8vo. 14*. 

A BOOK on ANGLING ; a complete Treatise on the Art of Angling 
in every branch. By Francis Francis. Second Edition, with Portrait 
and 16 other Plates, plain aud coloured. Post 8to. 16«. 
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The BOOK of the ROACH. By Gbbyillb Fennbll, of * The Field.' 
Fcp. 8vo. price 2«. 6d, 

WILGOGES'S SEA-FISHERMAN; comprising the Chief Methods of 
Hook and Lino Fishing; in tfae British and other Seas, a Glanoe at Nets, 
and Remarks on Boats and Boating. Second Edition, enlarged ; with 80 
Woodcuts. Post 8vo. 12». 6d. 

HORSES and STABLES. By Colonel F. Fitzwtoram, XV. the King's 
Hussars. With Twenty-four Plates of Illustrations, containing very 
numerous Figures engraved on Wood. 8vo. 16s, 

The HORSE'S FOOT, and HOW to KEEP IT SOUND. By W. 

MiLBS, Esq. Ninth Edition, with Illustratious. Imperial 8vo. I2f. ed, 

A PLAIN TREATISE on HORSE-SHOEING. By the same Author. 
Sixth Edition. Post 8vo. with Illustrations, 28, Qd. 

STABLES and STABLE-FITTINGS. By the same. Imp. Syo. with 

13 Plates, 15^. 
REMARKS on HORSES' TEETH, addressed to Porchasers. By the 

same. Post 8vo.l«.6c{. 
ROBBINS'S GAVALRT GATEGHISM, or Instructions on Cavahy 

Exercise and Field Movements, Brigade Movements, Out-post Duty, Cavalry 

supporting Artillery, Artillery attached to Cavalry. 12mo. 68, 

BLAINE'S VETERINART ART ; a Treatise on the Anatomy, Physi- 
ology, and Curative Treatment of the Diseases of the Horse, Neat Cattle 
andSheep. Seventh Edition, revised and enlarged by C. Stebl, MJLC.y.S Jj. 
8vo. with Plates and Woodcuts. ISs, 

The HORSE: with a Treatise on Draught. By William Touatt. 
New Edition, revised and enlarged. 8vo. with numerous Woodcuts, 12c 6d, 

The Dog. By the same Author. Svo. with numerous Woodcuts, 6$, 

The DOG in HEALTH and DISEASE. By Stombhemob. With 70 
Wood Engravings. Square crown Svo. 108, ^, 

The GRETHOTJND. By Stonehengb. Bevised Edition, with 24 
Portraits of Greyhounds. Square crown Svo. 108, Gd, 

The OK ; his Diseases and their Treatment: with an Essay on Parturi- 
tion in the Cow. By J. R. DoBSOV. Crown Svo. with Illustrations, 7«..6d. 



Commerce^ Navigation^ and Mercantile Affairs. 

The ELEMENTS of BANKING. By Henry Dunnino Maolboi>» M. A. 

Barrister-at-Law. Post8vo. iNetvrly ready. 

The THEORT and PRAGTIGE of BANKING. By the same Author 
Second Edition, entirely remodelled. 2 vols. 8vo. 80*. 

A DIGTIONART, Practical, Theoretical, and Historical, of Com- 
merce and Commercial Navigation. By J. R. M'CuLLOCH, Esq. New and 
thoroughly revised Edition. Svo. price 63«. cloth, or 7to. half-bd. in russia. 

The LAW of NATIONS Considered as Independent Political Commu- 
nities. By Sir Teavbes Twiss, D.CJJ. 2 vols. Svo. ZOs,, or separately. 
?AETLP^ac<?,12». PABTlLTFar,18«. ^ ^ 
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Works of Utility and General Information. 

The CABDIET LAWTEB ; a Popular Digest of the Laws of England, 
Civil, Criminal, and Constitutional: intended for Practical 'Use and 
General Information. Twenty-third Edition, corrected and brought up to 
the Present Date. Pep. 8vo. price 7«. 6d, 

PEWTNER'S COMPREHENSIVE SPECIFIER ; A Guide to the 
Practical Specification of every kind of Buildiufc-Artificers' Work; with 
Forms of Building Conditions and Agreements, an Appendix, Foot-Notes, 
and a copious Index. Edited by W. Tousa, Architect. Crown 8vo. price 6«. 

The LAW RELATIHO to BENEFIT BUILDING SOCIETIES; with 
Practical Observations on the Act and all the Cases decided thereon ; also- a 
Form of Rules and Forms of Mortgages. By W^ Tidd Pba.tt, Barristej. 
Second Edition. Fcp. 8«. 6d, 

COLLIERIES and COLLIERS : a Handbook of the Law and Leading 
Cases relating thereto. By J. C. Fowlee, of the Inner Temple, Barrister, 
Stipendiary Magistrate for the District of Merthyr Tydfil and Aberdare. 
Second Edition. Fcp. 8vo. 7s, 6d, 

The MATERNAL MANAGEMENT of CHILDREN in HEALTH and 
Disease. By Thomas Bull, M.D. Fcp. 6«. 

HINTS to MOTHERS on the MANAGEMENT of their HEALTH 
during the Period of Pregnancy and in the Lying-in Room. By the late 
Thomas Bull, M.D. Fcp. 6s, 

NOTES on HOSPITALS. Bj Florence Niqhtingals. Third Edi- 
tion, enlarged ; with IS Plans. Post 4to. 18«. 

CHESS OPENINGS. Bj F. W. Longman, Balliol College, Oxford. 
Fcp. 8vo. 2s, Qd, 

A PRACTICAL TREATISE on BREWING ; with Formnlse for Pnblic 
Brewers, and Instructions for Private Families. By W. Black. 8vo. 10«. M, 

MODERN COOEERT for PRIVATE FAMILIES, reduced to a System 
of Easy Practice in a Series of carefully-tested Receipts. By Eliza Acton. 
Newl V revised and enlarged Edition ; with 8 Plates of Figures and 160 
Woodcuts. Fcp. Qs. 

WILLICH'S POPULAR TABLES, for ascertaining, according to the 
Carlisle Table of Mortality, the value of Lifehold, Leasehold, and Church 
Property, Renewal Fines, Reversions. &c. Also Interest, Legacy, Succes- 
sion Duty, and various other useful Tables. Seventh Edition, edited by 
Montague Mabeiott, Barrister-at-Law. Post 8vo. price 10*. 

COTJLTHART'S DECIMAL INTEREST TABLES at 24 Different Kate<) 
not exceeding 6 per Cent. Calculated for the use of Bankers. To which are 
added Commission Tables at One-Eighth and One-Fourth per Cent. 8vo. 
price 15s. 

MAUNDER' S TREASURY of KNOWLEDGE and LIBRARY of 

Reference: comprising an English Dictionary and Grammar,' Universal 
Gazetteer, Classical Dictionary, Chronolof^, Law Dictionary, a Synopsis 
of the Peerage, useful Tables^ &c. Revised Edition. Fcp. 8vo. price 6^. 
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Illustrated with Silhouettes 16 

Shiplxt's Four Cardinal Virtnet M 

I Invocation ot Saintf 22 

Short's Church Hiatorr 4 

RXART'S Walkbr*8 Dictionary 8 

Skith'S (A. C.) Tour in Portugal 23 

(J.) Paul's Voyoire and Shipwreck 19 

(Sydnkt) Miscellaneous Works.. 9 

Wit and Wisdom 9 

Lift and Letters 4 

SOUTHXY'S Doctor 7 

_- Poetical Works ?5 

8taklkt'8 History of British Birds 13 

Btkbbiso's AnalyhU of Mill'h Logic 6 

STKPHBH'S Ecclesiiutical Biom-aphy b 

Flaysruund of Europe 22 

Stirliso's Secret of Hegel 10 

Sir William Haxi lton lo 

SToaKHXKGK on the Dog 27 

on the Greyhound 27 

Stricklaxd's Tudor Princesses 5 

Queens of England 5 

Strong and Free 10 

Sunday Afternoons at the Parish Church of 

a Scottish Uniyersity City (St. Andrews). . 9 



•Tatlor'8 History of India 3 

(Jeremy) Works, edited by EDKir 22 

Thirlwall's History of Greece 2 

THOXrsoa's (Archbishop) Laws of Thought 7 

(A. T.) Conspectus 15 

Three Weddings 24 

Todd (A.) on Parliamentary Government 1 
Todd and Bowmast's Anatomy and Phy- 
siology (tf Man 15 

TrRH0H*8 leme, a Tale 24 

Realities of Irish Life 3 

Trollopb'8 Barchester Towers 24 

Warden X4 

TWIBS'S Law of Nations 27 

TTVDALL on Diamasnetism 12 

— Electricity 12 

Heat IX 

— — _-^— Imagination in Science 12 

Sound 12 



Ttxdall's Faraday as a DisooTerer 4 

—^ Lecture* on Light 12 

Ukolr Pbter*s Fairy Tale 24 

Urr's Arts, Manufkctures, and Mines 17 

VAX DXR HoxTKX's Handbook of Zoology 12 
Visit to my Discontented Cousin 24 

Warburtox'8 Hunting Songs 28 

Watsox'b Principles and Practice of liiysio 14 

W ATT8'8 Dictionary of Chemistry 14 

Webb'8 Objects fbr Common Telescopes .. 11 
WEB8TKR and WiLKiX80X'8 Greek Testa- 
ment 20 

Wrllixqtox'8 Lifle. byOLSia 5 

Wkst on Children's Diseases 14 

WliATBLT'8 English Synonymes 6 

Logic 6 

Rhetoric 6 

Whatblt on a Future State 21 

Truth of Christianity 22 

White's Latin-English Dictionaries 8 

WiLOOOX'8 Sea Fisherman 27 

WiLLlAJf 8*8 Aristotle's Ethics 6 

History of Wales 2 

Williams on Climate of South of France 15 

Consumption 15 

WiLLiCH'8 Popular Tables 28 

Wiixih's Principles of Mechanism 17 
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